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Preface 


The importance of Microprocessor and Microcontroller System is well known 
in various- engineering fields. Overwhelming response to our books on various subjects 
inspired! us to write this book, The book is structured to cover the key aspects ol the 
Subject Microprocessor and Microcontroller System. 

The book uses plain, lucid language io explain fundamentals of ihis subject. The book 
provides logical method of explaining various complicated concepts and stepwise methods 
to explain the important topics. Each diopter is well supported with necessary illustrations, 
practical examples and solved problems. AH the chapters iff the book are arranged in a 
proper sequence lhat permits each topic to build upon eorlier studies. All care has been 
token iq make students comfortable in understanding the basic concepts of the subject. 

The book not only covers the entire scope of the subject but explains Ihe philosophy of 
ihe subject. This makes the understanding of this subject more dear and makes il more 
interesting. The book will be very useful not only to the students but also to Ihe subject 
teachers. The students have to omil nothing and possibly have to caver nothing more- 

We wish to express our profound thanks to all ihose who helped in making this book a 
reality. Much needed moral support and encouragement is provided an numerous 
occasions by our whole families. We wish to thank Ihe Publisher and the entire team of 
Technical Publications who have taken immense pgin to get this book in time with quality 
printing. 

Any suggestion for the improvement of the book will be acknowledged and well 
appreciated. 


Authors 

A. P. Godse 
D. A Godse 
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Introduction to Microprocessor 
and Microcomputer Systems 




1.1 Intradiictipn to Microprocessor 

This chapter, the first of this text is written primarily to intooduce to the student the 
microprocessor based system and the role of microprocessor in it, It also explains various 
components required to build a microprocessor system and the working of generalised 
microprocessor unit 

What is a Microprocessor Based System? Don't worry, we shall get fair idea about this 
on completion of tills chapter.. 
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As a part of introduction to the microprocessor based system,, t would like to share 
philosophy behind this microprocessor based systems, Lei us consider a small 
organization. It consists of managing body,, manager and his subordinates, incoming unit 
and dispatch unit, (To maintain the simplidly and just to explain analogy J have 
considered small Organization as shown in the Fig. 1.1) (See Fig- 1.1 on previous page). 

As shown in the Fig- 1.1, managing body gives step by step procedure to solve the 
problem or to implement the task- Manager interprets the step by step procedures and 
instructions given by tine managing body and executes those with [he help of his 
subordinates- The manager and Ns subordinates who belong to processing unit can request 
for raw material to slims. If raw material is not available in stores, processing unit can 
request for raw material to incoming unit After processing the raw material, processing 
unit can either dispatch product or keep St in stores. 

Looking at this environment somebody came up with ideas. 

* Can we design Such an organization without any involvement human beings 7 

Can we replace human being with some electronic devices which can mimic the 
operations executed by human beings ?. 

In this way the idea oS microprocessor based system was bom and design process was 
started. Over the period of design process, designers, first came up with an integrated, 
circuit which has an ability to mimic the processes executed by the processing unit. They 
replaced raw material by data and instructions by code with Is and Os. The integrated 
circuit accepts date as an input and process it according to instruction code to generate art 
information. A® an example, we can say, marks of students in various subjects is a date, 
and result prepared on the basis of these marks is ait information. 

To get the data as an input and to give information to the users, the designer team 
came up with the input and output devices which is an. another integrated circuit. 
Therefore, with the use of input device processing unit can get the input and after 
processing the input, processor will give the information to the user with the help of 
Output device, The Integrated circuit was also designed which has an ability to store the 
date, instruction code and information. The processing unit reads instruction code from, 
this circuit and act accordingly. Some meaningful name was given to each integrated. 
Circuit as given below. 

For Processing Unit Integrated Circuit; 

As it is. a heart of organization and has an ability to process input: as per the 
instructions of managing body, it was named 'Central Processing Unit' (CPU) Or Simply 
'Processor'. 



m 
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For Incoming Unit Integrated Circuit : 

As it gives input data to the processor it was named Input device, 

For Dispatch Unit Integrated Circuit : 

As it gives information to the user, it was named Output device. 

For Storage Unit Integrated Circuit : 

As it stores data instruction code and information, it was called Memory. 

The system with central processing unit input device, output device and memory can 
bo visualized as shown in the Fig- 1.2. The system designed here is very small in physical 
size as compared to the organization with a human being. The processor is an integrated 
circuit in a very small size and hence more appropriate name for it was suggested as a 
'Microprocessor' The system as a whole was then referred to as 'Microprocessor Based 
System.' 



1 

Fig, 1.2 Simple microprocessor based system 


1.1.1 Simple Model of Microprocessor 

In the last section we have seen the basic blocks of the microprocessor based, system 
Let us discuss each block with some details. This section explains the working of 
microprocessor block with help of simple model. 

Simple model is a .sequential digital circuit as shown in the Fig, 1.3, It consists of 4 bit 
up-counter, decoders, registers, switch control circuit, control unit and arithmetic logic unit 
(ALU). 
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Fig. 1.1 Sequential digital circuit 


1.1.11 Counter 

It is a 4 bit upoounter. It counts from 0 to 15 arid it always starts from zero. The 
counter is driven by the clock signal and die output of counter is given to the decoder A, 

1.1.11 Decoder A 

It is a 4:16 decoder. The four bit output of counter is used as an input for die decoder 
A, It activates its output depending on the status of inputs. The output of the decoder A is 
used to select erne of the registers within the register array. 

1111 Register Array 

Register array consists of sixteen 3 bit registers. Each register can store 3 bit word. The 
outputs of all regis ters are connected to the common bus through the Output Enable (OE) 
switch as shown in Fig, 14. 
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Fig, 1.4 Register array with trf-state switches 

The output of the decoder A is used to activate output enable signals for sixteen 
registers At a time only one output of decoder is activated according to the input 

signal, so data from only one register is available on the common bus- 

1, 1,1.4 Common Bus 

The three bit common bus is connected to register A, register B, and to the register I 
through the switch. If the switch is at position A (hen common bus is connected to the A 
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Or B register; otherwise it is connected to the register I, The switch position, is controlled 
by the switch control circuit. 


1.1.1.5 Register I 

it is used to store data from the common bus. 

1.1.1.6 Decoder B 

It is a 3:6 decoder. The data from the Register T is used, as an input for the decoder, if 
switch is in position B, this data is decoded and used to select appropriate control circuit 
from the control unit as shown in Table 1.1. 



D 1 

Pq 

Selected Central Circuit 

<J 

0 

0 

MOV A. C 

0 

0 

1 

MOV B, C 

& 

1 

0 

ADO 

0 

1 

1 

SUB 

1 

0 

0 

AMD 

1 

0 

1 

OR 

1 

1 

0 

LOAD A 

t 

1 

1 

LOAD B 


Table 1.1 


, 1,1,17 Control Unit 

It consists of eight control circuits: MOV A, C, MOV B, C, ADD, SUB, AND, OR, 
LOAD A and LOAD B. These control circuits are used to generate signals which select the 
operation of ALU and activate inpuE enable signal of register A and register B. At a time 
output from only one control circuit is activated as selected by the decoder output. 

MOV A, C 

This control circuit generates control signals whidi activate input enable signal for 
register A and output enable signal for register C. So the data from register C Is copied 
into register A. 

MOV B f C 

This control circuit generates control signals which activate Input enable signal for 
register 0 and output enable signal for register C So the data from register C is copied 
into register B, 
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ADD 

This control circuit generates control sign?]* required for addition operation which is 
to be performed by the ALU Le. A + B —> C. 

sue 

This control circuit generates control signals required for subtraction operation which 
is to be performed by the ALU. i,e. A - B C. 

AND 

This control dreuit generates control signals required for logical AND operation which 
is to be performed by the ALU. 

OR 


This control circuit generates control signals required for logical OR operation, which is 
to be performed by the ALU- 

LOAD A 

This control circuit generates control signals which activate input enable signal for 
register A. It also indicates switch control circuit to change switch position to A- 

LOAD B 

This control dreuit generates control signals which activate input enable signal for 
register B. It also indicates switch control riraiil to change switch position to A- 

11 .IB Switch Control Circuit 

Switch control dreuit is responsible for switch position. It gets the input from LOAD A 
and LOAD B control circuits. If any of the above inputs is activated, it changes switch 
position to A, otherwise it holds switch at position B. 


1.1.1.9 ALU 

ALU takes the input from register A and register B. This input is processed according 
to the operation selected by the control unit. The process result is stored in the register C 


11,1.10 Operation 

As mentioned earlier, counter starts from zero. When counter output Is zero, decoder 
selects the first register (R^) from the register array and the data from the selected register 
(Rq) is available on the common bus. Initially switch is at position B, so date from the 
common bus is decoded, According to data, control unit selects the operation and ALU 
performs the operation- 
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The important thing in this process is the data from selected register decides die 
operation The data which decides the operation is called “Operation code" or "Opcode** 
Each, operation has its own opcode. The Table 1.2 shows the opcodes for different 
operations. 


For operations MOV A r C and MOV 8, C the data is transferred from register C to 
register A and register 6 respectively. 

In operations ADD, SUB, AND and OR data which is to be processed is taken from A 
and B registers. But in case of LOAD A and LOAD B operations data from common bus is 
directly loaded into the A and B register respectively For this operation switch must be in 
position A- 


Operation 

Opcode 

°2 

MOV A. C 

0 

0 

0 

MOV 0. C 

0 

0 

1 

ADD 

c 

1 

0 

SUB 

0 

1 

i 

AND 

1 

0 

Cl 

DR 

1 

0 

1 

LOAD A 

1 

1 

0- 

LOAD B 

1 

1 

1 


Table 1.2 


After each operation counter is incremented by one, so that decoder selects the next 
register- Again data from selected register is available on the common bus and the process 
is repeated. The following example will help you to understand the process sequence. 

Example : Add two numbers 

Steps .! Load 1st number in A 

Load 2nd number in B 
ADD two numbers 

First step is to load the number in register A. To do tins, it is necessary to have 
opcode ol LOAD A operation in the register 0 (1^,) and the number in the register 1 (R|). 
Similarly in the second step it is necessary to have opcode of Load B operation in register 
2 (R 2 ) and the number In register 3 (E 3 ), Finally, it is necessary to have opcode of ADD 
operation in. register 4 (R|)- 
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Fig, 1.5 shows the register array contents if number 1 = 100 and number 2 = 010 

Operation : 

STEP 1 : Counter output <(0000) 

Initially, the counter is in the reset condition so 
counter output is zero {DOM). The decoder A wiil select 
the register 0 (R^ since the Input (or decoder is zero. 
Once the register 0 (R^) is selected, date from register 0 
i.e. I 1 0 is available on the common bus. The decoder B 
will use this data to select the operation. As data is I 1 0, 
decoder B will select LOAD A operation, LOAD A 
operation wilt enable input for register A and change the 
switch position from B to A, (Refer Fig, 1,6). 

Fig, 1.5 



CLK 




righted 



Fig. 1.6 
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STEF 2 : Counter output (0001) 

'Hie decoder A will select the register 1 (R x h since the input for decoder is one. Once 
the register 1 is selected, data from register 1 Le. ICO is available on the common bus. This 
data is directly transferred to the register A because switch is positioned at A and input 
for register A is already enabled. After data transfer, switch position is changed from 
position A to position 1. (Refer Fig, 1,7), 


CLH 
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Fig, 1.7 
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STEP 3 : Counter output (0010) 

The decoder A will select the register 2 (R 2 ). Once the register 2 (R 2 ) is selected, date 
from register 2 i.e, 1 1 1 is available on. the common bus- The decoder B will use this data 
to select She operation. As data is 1 1 \, decoder B will select LOAD B operation. LOAD B 
Operation, will enable input for register B and change the switch position from B to A- 
(Refier Fig. 1.8). 
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STEP 4 ^ Counter output (0011) 

The decoder A will select the register 3 (Rj) Once the register 3 is selected, date from 
register 3 i.e, 0 I 0 is available on the common bus- This data is directly transferred to the 
register 0 because switch fe positioned at A and, input for register B is already enabled. 
After data transfer, switch position is changed from position A to position B. 
(liefer Fig. 1 .9} 


CLK 



Fig. 1.9 

STEP S s Counter output (0100) 

The decoder A will select the register 4 (R 4 ), Once the register 4 is selected, data from 
register 4 Le, 0 1 0 is available on (he common bus. As data is 0 1 0, decoder E wiO select 
ADD control circuit ADD operation will generate signals to select add operation which is 
to hg performed by ALU, Then ALU will add the contents of register A and register B and 
it will store the result m the register C ie. 110 Refer Fig. 1.10. 
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CLK 



FEg. 110 


The above example shows how two numbers can be added usiny the Sequential circuit. 
Using same circuit we can subtract', multiply, divide, logically AND or logically OR the 
two numbers. Hus can be achieved by writing appropriate opcodes with necessary data in 
proper sequence into the register array. 

Another important thing you must be noticed that LOAD A and LOAD B operations 
require two steps. In step one, register input is enabled and switch position is changed- hi 
the second step actual data is moved from the next register- Hus data is not the operation 
code/opcode, but it is called operand. It is- imp or tent to note that, to complete one 
operation, opcode or sometimes opcode and operand are required- This complete operation 
is referred as instruction. Thus mslaruetion is a combination of opcode and operand. 
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Instruction sequences for different operations. 

a) Subtract § 1 0 ( 2 ) from 1 1 1 ( 7 ) 


Register Array 

Operation 

1 

1 

0 

Load A register 

1 

1 

1 

WHi 7 (t i 1) 

1 

1 

1 

Load & register 

0 

1 

0 

Vflh- 2 (0 1 0) 

0 

1 

1 

Subtract «m!ent» of 0 rtgiiter tom 




Ihc contents of A register and store 




this result in register C 


b) Logically AND 011 (3) with 1 0 1 (5) 


Register Array 

Operation 

1 

i 

0 

Load A register 

0 

t 

1 

With 3 {0 1 1) 

i 

i 

i 

Load @ register 

i 

o 

f 

With 5 (1 O 1) 

i 

0 

0 

Log c-ally AND Iho contents of 

Register A and register 0 and 

Stone tho result In register C j 


c) Solve 1 0 1 (5) + 0 0 1 (1} - Oil (3) 


Register Array 

Operation 

1 

i 

0 

Load register A 

1 

0 

1 

Witts 5 (1 0 1) 

1 

1 

1 

Load register B 

0 

0 

1 

With 1 {0 O 1) 

! 0 

1 

Q 

Add contents of register A with (ho contents of register 

B end store the result in register C. 

0 

0 

0 

Copy tho contents of nogteter C te register A 

t 

t 

t 

Load register 0 

0 

1 

1 

With 3 t0 1 1} 

0 

1 

1 

Subtract Contents of register 0 from the contents of 
register A and Store tee result in register C. 
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cl) Solve : 100 {4) a 0 1 1 (3) v 0 0 1 (1) 


Register Array 

Operation 

11 

1! 

0 

Load register A 

1 

0 

0 

With 4 (1M) 

1 

1 

1 

Load register B 

0 

t 

1 

Wilh 3 (011) 

1 

1 0 

1 

0 

Logically AND the contents of register A and 
register B and stare lha result In register C. 

0 

1 0 

0 

Copy the contents of register C to register A 

1 

j 1 

f 

Load register B 

0 

T 

1 

With 3 (0 1 1) 

1 

15 

1 

Logically OR (he contents at register A end 
register B and store the result in register C. 


From the above description and examples you must have noticed that in simple model, 
hardware components are fixed, but by changing the sequence of opcodes and operands 
(instructions) it is possible to process different operations. Controlling the operation in a 
fixed, hardware by changing sequence of instructions is the basic principle used in the 
microprocessor. The simple model used in this chapter is a very small version of the 
mi exoprocessor. In the next section wc will discuss the various terminologies used in the 
mimsprooessor. 


1,1,2 Terminologies used In Microprocessor 

Fig, 1.11 shows the small model with specific labels and special blocks. Block 1 
represents a microprocessor whereas block 2 represents memory. 

Mlcrupiocesanr j It consists of counter, switch control circuit, decoder B, control unit 
ALU and registers. 

Memory j It is a combination of register array and the decoder circuit. 

Program : The sequence of instructions written for specific operation is called 
program- 

program counter : The counter used in a small model is used to locate instructions in 
a proper sequence (program). Thus it is caEed a program counter. 


rich 

□ 
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Address and Address Bus : lilt output of the program CutielC is given to the 
memory. The internal decoder (decoder A) in the memory,, decodes this output of the 
program counter to locate a specific register in the memory. Thss means that output of the 
program counter address® a specific register in the memory. Thus the output of program 
counter is called address and the group of wires that carries this address is called address 
bus. Address bus shown in Fig. 1,11 is 4-bit wide. So it can address 16 ( ^ ) registers in 
the register array. The number of address lines decide the how many registers from the 
register array (memory locations) can be accessed. For example if there are 16 address Hues 
then it is possible to access 2 l * (65536) memory locations. 



Fig. 1.11 


Data and Data Bus s The data within the registers is used in different forms such as 
opcodes and operands-. This data Is moved from register to register, from memory to 
register through group of wires called data bus. The data bus within the microprocessor is 
called internal data bus where as data, bus outside the microprocessor is called external 
data bus. Data bus chnwn in the Fte. 1.11 is 3-bit wide- The sw of the data bus derides 
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the size of operands. It also decides the maximum number of operations that 
microprocessor can perform, As data bus in the small modal is 3-blt wide it can perform 
(2^) eight different operations. The standard size of data bus is in multiple of 8 i.e. 8, 16, 
24, 32 etc. The microprocessor with 8-bit data bus can execute maximum 256 (2 s ) 
instructions. 

Word Length : The group of bits that microprocessor can recognize and process’ is 
called word, and microprocessors are classifled according to their word length. For 
example, a microprocessor with an 8-bit word is known as 8-bit mi croprocessor and a 
microprocessor with an 16-bit word is known as 16 bit nucroprocessor. 

Instruction register i The register in which instruction opcode is stored temporarily is 
called instruction register. 

Instruction decodes* : The decoder (decoder S in small mode!) which takes the 
instruction opcode from the instruction register and decodes it to generate appropriate 
control signals- corresponding to the instruction is called instruction decoder. 

1.1.3 Different Phases in the Execution Process 

'the three blocks in the Fig, 1.12 shows fee three different phases, involved in the 
execution process. 

These are : I) Fetch 2) Decode 3) Execute 



Fig. 1.12 Fetch., Decode and Execute 
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11.3.1 Fetch 

in letch phase, microprocessor places the contents of the program counter on the 
address bus and gets instruction code, opcode from the addressed memory location. The 
microprocessor then saves opcode in the instruction register. 

I. 1.1,Z Decode 

In this phase, the opcode from the instruction register is decoded with the help of 
instruction decoder to generate appropriate control signals to execute the instruction. 

II. 3.3 Execute 

In this phase, microprocessor generates appropriate control signals and execute the 
instruction. 


1.1.4 Microprocessor Architecture end its Operation 

In the last section we have seen simple model of microprocessor system. We have seen 
the important components of the microprocessor system like, microprocessor, memory unit 
and dock in microprocessor Nock we hav® seen program counter, instructor decoder, 
Instruction register, different registers, control logic and ALU- In this section, we are 
going to see more practical microprocessor block diagram and programmer's model, (Refer 
Fig; 113 and Fig. 1.14). The microprocessor's block diagram and the microprocessor 



Eurtemsfl input and 
output control linos 


Fig. 1.13 Block diagram of microprocessor 
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Accumulator (A) 

Status Reg. 

Rag. B 

Reg. Q 

Reg. D 

Reg. E 

R*3- H 

Reg. 1 

Stack pointer (SP) 

Program eountar (PC) 

BlS 

Bo 


Fig, 1.14 Programmer's model 


programming model show you how a specific 
microprocessor is constructed. The block diagram 
shows microprocessor's function# for date 
processing and data handling. It also shows how 
each of these logic functions are connected together. 
The programming model assists you in the 
programming process. The difference is that the 
programming model shows only those parts of the 
microprocessor which die programmer can change. 
So we can say that block diagram makes it easier to 
understand the architecture of a microprocessor and 
the programming model makes it easier to 
understand the working of microprocessor in a 
programming ertvirotuitent- 


The block diagram shown in Fig, 1,13 includes three major logic devices 
* ALU 


* Several registers 


* Control unit 

The internal data bus is used to transmit data between these logic devices. 


ALU : 



One of the microprocessor's major logic devices is the arithmetic logic unit (ALU). It 
contains the microprocessor's data processing logic. It has two input# and an output. The 
internal data bus of microprocessor is connected to the two inputs of ALU through the 
temporary register and the accumulator. 


The ALU's single output is connected to the internal data bus. It allows to send the 
output of ALU over the bus to any device connected to the bus. In most of the 
microprocessors register A gives data for die ALU and after performing the operation., the 
resulting data word, is sent to the register A and stored there, This special register, where 
thE result is accumulated ta commonly known as accumulator 


The ALU works on either one or two data words, depending on the land of operatiom- 
The ALU uses input ports as necessary. For example, addition operation uses both ALU 
inputs while complementing data operation uses only one input. To complement the data 
word, all the bite of the word's that are logic 1 are set to logic 0, and all the bits of the 
word at logic Q are set to logic 1, 

The ALU of the most of the microprocessors can perform following functions. 

* Add 


* Subtract 
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* .AND 

* OR 

* Exclusive OR. 

■ Complement 

■ Shift right 

* Shift left 

■ Increment 

* Decrement 

Registers : 

Registers are a prominent part of tire block diagram and the programming model of 
any microprocessor- The basic registers found in most of the microprocessors arc the 
accumulator, the program counter, the stack pointer, the status register, the general 
purpose registers, the memory address register, the instruction register and the temporary 
data registers. 

The Accumulator : 

The accumulator is the major working register of microprocessor. Most of the time it 
is used to hold the data for manipulation. Whenever the operation processes two words, 
whether arithmetically or logically, the accumulator contains one of tire words. The other 
word may be present in another register or in a memory location. Most of the times the 
result of an arithmetic or logical operation is placed in the accumulator. In such cases* 
after execution of instruction original contents of accumulator ate lost because they are 
overwritten. 

The accumulator is also used for data transfer between an I/O port and a memory 
location, or between one memory location and another- 

The Program Counter: 

The Program Counter is one of the most important registers in the microprocessor. As 
mentioned earlier, a program is a series of instructions stored in the memory. These 
instructions tell the microprocessor exactly how to solve a problem. It is important that 
these insfcmcticms must be executed m a proper order to get the correct result This 
sequence of instruction execution is monitored by the program counter. It keeps track of 
which instruction is being used and what the next instruction will be. 

The program counter gives the address of memory location from where the next 
instruction Is to be fetched, Due to this the length of the program counter decides the 
maximum program length in bytes, For example, microprocessor that has 16 bit program 
counter, can address 2 lfr bytes (64 K) of memory. 


TIQht 
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Before the microprocessor can start executing a program, the program counter has to 
be loaded with valid memory address* This memory location must contain the opcode of 
first instruction in the program. In most of the microprocessors this location, is fixed- For 
example, memory address (OOWH) for 16 bit program counter- The fixed address is loaded 
into the program counter by resetting the microprocessor. 

As said earlier, die instructions must be executed in a proper order to get the correct 
result, This does not mean that every instruction must follow the Last instruction in the 
memory. But it must follow the logical sequence of the instructions. In some situations, it 
is better to execute part of a program that is not in sequence (don't confuse with logical 
sequence) with the main program. For example, there mav be a part of a program that 
must be repeated many times during the execution of the entire program. Rather than 
writing repeated part of the program again, and again, the programmer can write that part 
only once. This part is written separately, The- part of the program which is written 
separately is called subroutine The Fig.. 1.15 shows how the main and subroutine 
programs are executed. 


Main program 


Subroutine CALL 


Subroutine program 



s ubnouline CAL 


i Pad of tb© 

> program to be 
( repealed 


Return to 
instruct ion after 
subroutine cal 


Fig. 1.15 Execution of subroutine programs 

The program counter does the major role in subroutine execution as it can be loaded 
with required memory address. With the help of mstruction it is possible to load any 
memory address in the program counter When subroutine is to be executed, the program 
counter Is loaded, with the memory address of the first instruction in the subroutine. After 
execution of the subroutine,, the program counter is loaded wsth the memory address of 
the next instruction from where the program control was transferred lo foe subroutine 
program. 

The Status Register : The status register is used to store the results of certain 
condition when certain operations are performed during execution of foe program. The 
status register is also referred to as flag register. ALU operations and certain register 
operations may set or reset one or more bits in foe status register. Status bits lead to a 
new set of microprocessor instructions. These instructions permit the execution of a 
program to change flow on the basis of the condition of bits in the status register. So the 
condition bits in foe status register can be used to take logical decisions within foe 
program. Some of the common status register bib are; 
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1} Carry/Borrow : The carry bit is set when the summation: of two 8 bit numbers is 
greater than 111! 1111 (FFH). A burrow is generated when a large number is subtracted 
from a smaller number. 

2) Zero : The zero bit is set when the contents of register ate aero after any operation. 
This happens not only when you decrement the register, but also when any arithmetic Of 
logical operation causes the contents of register to be zero. 

3) Negative or sign i In 2's complement arithmetic, the most significant bit is a sign 
bit. If this bit is logic 1„ the number is negative number,, otherwise a positive number. The 
negative bit or sign bit is set when any arithmetic or logical operation gives a negative 
resuEl. 

4) Auxiliary Carry : The auxiliary cany bit of status register is set when an addition in 
the first 4 bits causes a carry into the fifth bit. This is often referred as half cany or 
intermediate carry. This is used in the BCD arithmetk- 

5) Overflow Flag t In 2's complement 
arithmetic, most significant bit is used to 
represent sign and remaining bits are used, 
to represent magnitude of a number (see 
Fig. 1-16). This flag is set if the result of a 
signed operation Is loo large to fit to the 
number of bite available (7-bite for 8-bit 
number) to represent ft. 

For example, if you. add the 8-bit signed number 01110110 (+118 decimal) and the 8-bit 
signed number 00110110 (+ 54 decimal). The result will be 10101100 (+ 172 decimal), which 
is the correct binary result, but in, this ease it is too large to fit to the 7-bite allowed for the 
magnitude to an 8-bit signed number. The overflow flag will be set after this operation to 

indicate that the result of the addition has overflowed into the sign bit, 

♦ 

6 ) Parity : When the result of an operation leave the indicated register with an even 
number of Is, parity bit is set- 

The Stack Pointer : 

This is an important register which programmer uses frequently. In the earlier sections 
we have seen how subroutines are executed by changing the program counter contents. 
But one question you may have in your mind is that how the program counter is loaded 
with the address of the next instruction (return address) from where the program control 
was transferred to the subroutine, This return address is kept in a special memory area 
called the stack. Before transferring the program control to the subroutine the return 
address is pushed onto the stack. After the execution of subroutine the return address is 
popped, off from the stack and loaded into the program counter. 


B 7 0c 



Magnitude 


Fig, 1,16 2*& Complement 1-bit fttimbtf 
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The memory address of the stack area is given 
by a special register called the stack pointer. Like 
the Program Counter, the Stack Pointer 27FB 

automatically points to the next available location 
in the memory, In most imcroproeesaors, the stack 27FC 

pointer decrements (points to the next lower 
memory' address) when data is pushed on the 2'ff® 

stack. This allows the programmer to build the 
stack down in memory as shown in the Fig- 1.17. 27F-E 

Usually stack operations are 2 byte operations. 

This means that the stack pointer decrements by 27FF 

two memory address locations each time when 
2 byte data is pushed on the stack. When the data 
is popped off from tire stack, the stack pointer is 
incremented, by two memory address locations. 

It is important to note that as yrju go on Fig, 1.17 Stack operation 

storing (pushing) data on the stack, the stack 

pointer always points the last data placed on the stack and when you try to remove (pop) 
data you always get the last data placed on the stack. This kind of stack operation is 
called LIFO (last in first out} operation. 

Genera! Purpose Registers : 

In addition to the six basic registers, most microprocessors have other registers called 
general, purpose registers* The general purpose registers are used as simple storage area, 
mainly these are used, to store intermediate results of the operation. Getting the operand 
tom the general purpose registers is more faster than tom memory so it is better to have 
sufficient number of general purpose register in the microprocessor. The microprocessor 
used m this chapter has six general purpose registers {Refer Fig. 1,13) called the B, C, D, E, 

H, and L registers. Those registers individually can operate as 8 bit registers. Together, the 
BQ, DE, and HL registers can operate as 16 bit register pairs. 

Memory Address Register : 

The memory address register gives the address of memory location that the processor 
wants to use. That is, memory address register holds 16-bit binary number. The output of 
the memory address register drives the 16-bit address bus. This output is used to select a 
memory' location. 

The Instruction Register * 

The instruction register holds the operation code (opcode) of the instruction the 
microprocessor is currently executing. The instruction register is loaded during the opcode 
fetch cycle. The contents of the instruction register is used to drive the part of the control 
logic known as the instruction decoder. 
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Temporary Data Register ■ 

The need for the temporary d a ta registers arises because the ALU has no storage of its 
own. The ALU has two inputs^ .One input is supplied by accumulator and other from 
temporary data register. The programmer cannot access this temporary data register and, 
therefore it is not a part of programming mode]. 

i* 

Control Logic : 

The control logic is a important block in the microprocessor. The control logic is 
responsible for working of all other parts of the microprocessor together. It maintains the 
synchronization in operation of different parts in the microprocessor. The synchronization 
is achieved with the help of one of the control logic's major external inputs, 
microprocessor's clock- The clock is a signal which is the basis of aU the timings inside the 
microprocessor. 

Usually microprocessor's control logic is microprofrainiiwd This means that the 
architecture of the control logic Itself is much like the architecture of a very special 
purpose microprocessor. 

The control Logic receives the signal from instruction decoder which decodes the 
instruction stored, in the instruction register. The control logic then generates the control 
signals necessary to carry out this instruction. The control logic does a few other special 
functions. Il looks after the microprocessor power-up sequence. It also processes ’interrupts- 
An interrupt it like a request to the microprocessor from oilier external devices such as the 
memory and I/O. The interrupt asks the microprocessor to execute a special program. 

Internal Date Bus : 

The internal data bus connects the different parts of microprocessor together and it 
enables the oomtnunicatten between these parts. The data transfer through this internal 
data bus is controlled by control logic. 

Microprocessor's internal data bus usually connected to an external data bus. Due to 
this microprocessor can communicate with external memory or I/O devices. Usually ihe 
internal data bus is connected to the external data bus by logic called a bi-directional bus 
(transceiver). 

1.2 lAtcrocompuber Systems 

In the last section we have seen simple model of microprocessor. But in practice,, the 
microprocessors have more memory access capacity, more date bus width and more 
instructions which they can process. These factors decide which microprocessor is superior 
titan the other. Normally, microprocessor is selected as per the requirement of the 
application To have a better performance we can either go for superior microprocessor or 
we can use more than one microprocessor in the same system and execute the task in 
parallel, According to superiority and number of microprocessors used, microprocessor 
systems are classified as follows : 

CoDvriahted ms 
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* Microcomputers 

* Minicomputers 

* Mainframe computers 

Microcomputers : As the name implies microcomputers are smaller computers. They 
contain only one Central Processing Unit, One distinguishing feature of a microcomputer is 
that the CPU Is usually a single integrated circuit called a microprocessor,, 

Microcomputer Is the integration of microprocessor and supporting peripherals 
(memory and, I/O devices), The word length depends on the microprocessor used and is 
in. the range of ft bits to 32 bits. These type of computers are used for smalt industrial 
control, process control and where Storage and speed, requirements are moderate. 

Minicomputers : Minicomputers are the scaled up version of the microcomputers with 
the moderate speed and storage capacity. These are designed to process smaller data 
words, typically 33 hit words, This type of computers are used for scientific calculations, 
research, data processing application and many other, 

Mainframe Computer : Mainframe computers are implemented using 'two or more 
central processing units (CPU). These are designed to work at very high speeds with large 
data word lengths, typically 64 bib or greater. The data storage capacity of these 
computers is very high, 'These type of computers are used for complex scientific 
calculations, large data processing applications,, Military defense control and for complex 
graphics applications (e„g, : For creating walkthroughs with the help of animation 
softwares), 

Review Questions 

2. Dnra? the block diagram of simpie microprocessor based system and explain the function of emh 

block. 

2 . Dnttp and explain the simple model of microprocessor 

3. Define fiperaretf arwf fusIfKcfte'i?- 

4 . List die poriptu digital components ascii in the microprocessor* 

5. Wfailt is memory. ? 

6. Define program, 

7. What is the function of program counter ? 

8. W?Mt do you mem fry address te and data bus f 

9. di? you mem by word t 

10. State the function of instruction register and in&tntfliM decoder. 

12. List the various phases involved itt the instruction execution process. 

22, Explain ffte operation, performed in the various phases of instruction execution 

23. fjpJain l?(i™hS /HJiefiiJili’ flf ALLL 

14, Wvtt is occutnulotor ? 
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15,. J'Vftwl is ewirtfer ? 

16, Wfffif E5 SStbrCHliPCS ? 

17. .ExpJam the execution af swtfmjtfrte program. 

18. Ylhat is status register ? Bepton Us use, 

19, List omwm flags in the sMm register. 

2d. What is stack and stack pointer ? 

21. Explain the Operation of stack. 

22. What do ym mean by general purpose registers ? 

23. What is function of timing and control unit in microprocessor t 

24. What if microcomputer ? 

25. What is Minicomputer ? 

26. What is mainframe computer ? 

□□□ 


I 


i 


Copyrighted material 






■CD 

8085 Microprocessor 



2.1 Ifitroducion 

In the last chapter we have seen the basic structure of microprocessor. In this chapter 
we will see features, pin diagram, architecture, typical configuration, and memory 
interfacing for 8O0SA microprocessor, designed by Inlei 

The S0B5A is an 8-bit micruprooessur suitable for a wide range of applications. If is a 
single-chip, NMOS device implemented with approximately 6200 transistors on a 164 X 222 
mil chip contained in a 40-pin dual-in-line package- 

2.2 Features of 8085 

The features of 808,5 include ; 

1. It is an B-bLt microprocessor i.e, it can accept process, or provide 8-bit data 
simultaneously, 

2. It operates on a single +S V power supply connected at V/- c ; power supply ground 
is connected to Vas. 

3. It operates on dock cycle with 50% duly cy-de. 

4. It Iw on chip dock generator. This internal dock generator requires tuned circuit 
like LC, RC or crystal, The internal dock generator divides osc il lator frequency by 
2 and generates dock signal, which can bo used for synchronizing external devices. 

5. It cam operate with a 3 MHz dock frequency. The 8D85A-2 version can operate at 
the maximum frequency of 5 MHs. 

6. It has 16 address lines, hence’ it can access (2 ln j 6*1 Kbytes of memory. 

7. It provided 8 bit I/O’ addresses to access (2® ) 266 I/O ports. 

8. In 8085, the lower 8-bit address bus (A B - A 7 ) and data bus [P f} - D?) are 
multiplexed to reduce number of external pins. But due to tills, external hardware 
(latch) is required to separate address lines and data lines. 

9. It supports 74 instructions with the following addressing modes : 
a) Immediate b) Register c) Direct d) Indirect e) Implied 

ff-1) 
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10- The Arithmetic Logie Unit (ALU) of BM5 performs ^ 

a) 8 bit binary addition with or without carry 

b) 16 bit binary addition, e) 2 digit BCD addition. 

d) 8-bit binary subtraction with or without borrow 

e) 3-bit logical AND, OR, EX-OR, complement (NOT), and bit shift operations. 

11, It has B-bit accumulator, flag register, instruction register, six 3-bit general 
purpose registers (B, C, D, E, H and L) and two 16-bit registers (SP and PC), 
Getting the operand from the general purpose registers is more faster than 
from memory. Hence skilled programmers always prefer general purpose 
registers to stone program variables than memory, 

12, It provides five hardware interrupts : TRAP, RST 7,5, RST 6,5, 1ST 5,5 and 
INTR- 

1S, It has serial I/O control which allows serial communication, 

14, It provides control signals (IG/M, RD, WR) to control 'the bus cycles, and 
hence external bus controller is not required . 

15, The external hardware (another microprocessor or equivalent master) can 
detect which machine cycle microprocessor is executing using status signals 
{JO/M, % 5j). This feature is very useful when more than one processors are 
using common system resources (memory and I/O devices). 

16, It has a mechanism by which it is possible to Increase its interrupt handling 
capacity, 

17, The 30S5 has an ability to share system, bus with Direct Memory Acc es s 
controller. This feature allows to transfer large amount of data, from I/O 
device to memoiy or from memory to I/O device with high speeds, 

16, It can be used to implement three chip microcomputer with supporting I/O 
d^Uss like IC 6155 and IC 6355- 

2*3 Architecture of 8985 

Pig, 2.1 shows the architechire of BOSS, 

It consists of various functional blocks as listed below : 

* Registers 

* Arithmetic and logic unit 

* Instruction decoder and machine eyde encoder 

* Address buffer 

* Address/Data buffer 

+ tocremanter/Dccrenienter address latch 
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Fig. 2.1 Architecture of 8085 


* Interrupt control 

* Serial I/O control 

* Timing and control circuitry. 


2.3.1 Register Structure 


I Temporary 
] register 


WReg 

Z Reg 

A Reg 

Flag Hag 

B Reg 

CAcg 

D Reg 

E Reg 

H Reg 

Lfi*g 

Slack pointer [SP) 

Program ccun1er{PC) 


The Fi S 2.2 shows the register structure of 
9055- The shaded portion of this register model is 
called programmer's model of 8DB5. It includes sis 
8-bit register?- (B„ C, D, E, H and L) one 
accumulator* one flag register and two 16-bit 
registers (SP and PC). All these registers 
aceesible to programmer and hence they 
included in the programmer's model, 
remaining register? - temporary,, W and Z are not 
accessible to the programmers; they are used by 
microprocessor for internal, intermediate operations, 
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Fig. 2.2 Register structure of 8GF r 
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The 8065 registers are classified as : 

1, General Purpose Registers 

2, Temporary Registers 

a) Temporary data register b) W and Z registers 

3. Special Purpose Registers 

a) Accumulator b) Bag registers c) Instruction register 

4. Sixteen Bit Registers 

a) Program Counter (PC) b) Stack pointer (SP) 

1. General Purpose Registers : 

B r C, D, E, H, and L are S-bil general purpose registers can be used as a separate 8-bit 
registers or as 16-bit register pairs, BC, DE, and HL, When used in register pair mode, the 
high order byte resides in the first register (ie. in B when BC is used as a register pair) 
and the low order byte in the second (i.e. in C when BC is used as a register pair). 

HL pair also functions as a data pointer or memory pointer, These are also called 
scratchpad registers, as user can store data in them. To store and read data from these 
registers bus access is not required, It ie an internal opera Hon . Thus it provides an efficient 
way to store intermediate results and use them when required, The efficient programme 
prefers to use these registers to store intermediate results than the memory Locations which 
require bus access and hence more time to perform the operation. 

2. Temporary Registers 

a} Temporary data register ; The ALU has two inputs. One input is supplied by the 
accumulator and other from temporary data register- The programmer can not access tMs 
temporary data register. However, it is internally used for execution of most of the 
arithmetic and logical instructions. 

For example ; ADD B is the instruction, in the arithmetic group of instructions which 
adds the contents of register A and register B and stores result in register A- The addition 
operation Is performed by ALU. The ALU takes inputs from register A and temporary 
data register. The contents of register B are transferred to temporary data register for 
applying second input to the ALU. 

b) W and Z registers ; W and Z registers are temporary registers. These registers are 
used to hold 8 bit data during execution of some instructions. These registers are not 
available for programmer, since 8085 uses them internally. 

Use of W and Z registers : 

The CALL instruction is used to transfer program control to a subprogram or 
subroutine. This instruction pushes the current PC contents onto the stack and loads the 
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given address into the PC, The given address is temporarily stored in the W and Z 
registers and placed on the bus for the fetch cycle. Thus the program control is transferred 
to the address given in the Instruction. XCHG instruction exchanges the contents of H with 
D and L with E, At the time of exchange W end Z registers are used for temporary 
storage of data, 

3. Special Purpose registers : 

a) Register A (accumulator) r It is a tri-state eight bit register. It is extensively used in 
arithmetic, logic,, load, and store operations, as well as in, Input/output (I/O) operations. 
Most of the times the result of arithmetic and logical operations is stored in the register A, 
Hence it is also identified as accumulator. 

b) Flag register : It is an 8-bit register, in which five of the bits cany significant 
information in the form of flags : S (Sign flag), Z (Zero flag), AC (Auxiliary cany flag), 
P (Parity flag), and CY (carry flag), as shown in Fig, 2,3, 
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Fig, 2,3 Flag register 

S-Sign flag : After the execution of arithmetic or logical operations, if bit D ? of the 
result is 1, the sign flag is set. In a given byte if Dj is 1, the number will be viewed, as 
negative number. If Dy is 0, the number will be- considered as positive number, 

Z-Zero flag : The zero flag sets If the result of operation in ALU is zero and flag resets 
if result is non zero,. The zero flag is also set if a certain register content becomes zero 
following an increment or decrement operation of that register. 

AC-Auxiliary carry flag : This flag is set if there is an overflow out of bit 3 i.e. , catty 
from lower nibble to higher nibble (D. 3 bit to D 4 bit). This flag is used for- BCD operations 
and it is not available fur the programmer. 

P-Parity flag : Parity is defined by the number of ones present in the accumulator. 
After an arithmetic or logical operation if the result has an even number of ones, i.e, even 
parity, the flag is set. If the parity is odd, flag is reset, 

C¥*Carry flag : This Hag is set if there is an overflow out of bit 7. The carry flag also 
serves a? a borrow flag for subtraction. In both the examples shown below, the cany flag 
is set 
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c) Instruction register ; In a typical processor operation, the processor first fetches the 
opcode of instruction from memory (i,e. it places an address on the address bus and 
memory responds by placing the data stored at the specified address on the data bus), The 
CPU Stored this opcode in a register called the mstruebon register. This opcode as further 
sent to the instruction decoder to select one of the 256 alternatives, 

4. Sixteen ECU Registers 

a) Program counter (FCS : Program is a sequence of instructions. As mentioned earlier, 
microprocessor fetches these instructions from the memory and executes them sequentially. 
The program counter is a special purpose register which, at a given time, stores the 
address of the next instruction to be fetched. Program counter acts as a pointer to the next 
instruction. How processor increments program counter depends on the nature of the 
instruction; for one byte instruction it increments program counter by one, for two byte 
instruction it increments program counter by two and far three byte instruction it 
increments program counter by three such that program counter always points to the 
address of the next instruction. 

In case of JUMP and CALL instructions, address followed by JUMP and CALL 
instructions is placed in the program counter. The processor then fetches the next 
instruction from the new address specified by JUMP or CALL instruction. In conditional 
JUMP and conditional CALL instructions, if the condition is not satisfied, the processor 
increments program counter by three so that it points the instruction followed by 
conditional JUMP or CALL instruction; otherwise processor fetches the next instruction, 
from the new address specified by JUMP or CALL instruction. 

b) Stack pointer (SP) : The stack is a reserved area of the memory in the RAM where 
temporary information may be stored, A 16-bit stack pointer is used to hold the address of 
the most recent stack entry, 

2,3-2 Arithmetic Logic Unit (ALU) 

The flOSS's ALU performs arithmetic and logical functions on eight bit variables- The 
arithmetic unit performs bitwise fundamental arithmetic operations such, as addition and 
subtraction. The logic unit performs logical operations such as complement, AND, OR and 
EX-OR, as well as rotate and clear, The ALU also looks after the branching decisions. 

2.3.3 Instruction Decoder 

As mentioned earlier, the processor first fetches the opcode of instruction from 
memory and stores this opcode in the instruction register. It is then sent to the instruction 
decoder. The instruction decoder decodes it and accordingly gives the timing and control 
signals which control the register, the data buffers, ALU and external peripheral signals 
(explained in later sections) depending on the nature of the instruction. 
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The 8085 executes seven different types of machine cycles. It gives the information 
about which machine cycle is currently executing in the encoded form on the Sq, Sj and 
lO/M lines, This task is done by machine cycle encoder. 

1.3.4 Address Suffer 

This is an &-bit unidirectional buffer,. It Is used to drive external high order address 
bus (A 1s ~A a ). It is also used to tri-slate the high order address bus under certain 
conditions such as reset, hold, halt, and when address lines are not in use. 

2 . 3.5 Address/Data Buffer 

This is an 8-bit bi-directional buffer. It is used to drive multiplexed address/data bus, 
Le, low order address bus (A y - A p) and data bus (D 7 - Dp). It is also used to tri-state the 
multiplexed address/data bus under certain conditions such as reset hold, halt and when 
the bus is not in use. 

The address and! data buffers are used to drive external address and data buses 
respectively. Due to these buffers the address and data buses can be tri-stated whim they 
are not in. use. 

2.3.6 I n cremen ter/Dec rem enter Address Latch 

This 16-hit register is used to increment or decrement the contents of program counter 
Of stack pointer as a part of execution of instructions related to them, 

2.3.7 Interrupt Control 

The processor fetches,, decodes and executes instructions in a sequence. Sometimes it is 
necessary to have processor the automatically execute one of a collection of special 
routines whenever special condition exists within a program or the microcomputer system - 
The most important thing is that, after execution of the special routine, the program 
control must be transferred to the program which processor was executing before the 
■occurrence of the special condition. The occurrence of this special condition is referred as 
interrupt, The interrupt control block has five interrupt inputs RST 5,5, RST 6.5, RST 7J> 
TRAP and 1NTR and one acknowledge signal INTA. 

2.3.8 Serial I/O Control 

In situations like, data transmission over long distance and communication with 
cassette tapes or a CRT terminal, it is necessary to transmit data bit by bit to reduce the 
cost of cabling. In serial communication one bit is transferred at a time over a single line. 
Hie 8065 'b serial I/O control provides two lines, SOD and SID for serial ctmimonotian. 
The serial output data (SOD) line is used to send data serially and serial input data (SID) 
line is used to receive data serially. 
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2.3.9 Timing and Control Circuitry 

The control circuitry in the processor HISS is responsible lor all the operations. The 
control circuitry and hence the operations in SO85 are synchronised with the help of dock 
signal. Along with the control of fetching and decoding operations and generating 
appropriate signals for instruction execution, control drcuitiy also generates signals 
required to interface external device^ tO the processor,, BOSS. 

2.4 Pin Definitions of 9085 

Fig. 2,4 (a) and (b) show BOSS pin configuration and functional pin diagram of BOBS 
respectively. The signals of 80S5 can be classified into seven groups according to their 
functions, 


SND 


*tL\ 

1 

■ 

40 



3 

reset otn[ 

3 

d 

goof 


n 

amd 


3& 

TWPf 

B 

35 

RgTT.Sf 


34! 

BSTES| 

8 

®| 

8STS,5[ 

9 

aa 

IIMTR |T 

ID 

at 

®E 

ii 

mu 

30 

*mz 

32 

21 


11 

Z£ 

1 

1* 

JL 

«■>[= 

IS 

26 



2S 


17 

24 

**C 

IS 

21 


11 

a 

v*[- 

2a 

21 


*0 120 


HOLD 
H_DA 
CLKCOUT) 
'RESET IN 

READY 


Si 

□« 
WR 






S«»l SD 5 


i“ soo 

A 



TRAP 

LL- 

RST7.5 

7 

RfTU 

si 

> RSTSS 

i 

IMfR 

in 

! READY 

as 

HOLD 

31 



RESET IN 

31 

TnTaii 

1 hlLDA.36 


x 2 v t 


OC V E 


3 


•As 


CS 




pi 

19 


f- 

^\ 

12 


W65A 


Hglvonder 



MLrtpuaxwr 
oddrcufMii 
bus 


29 

n 


—ALE 

A 
Si 


Control 
and 

ID. I'M atal “ s 
32 _ signal* 


M 



37 


RESEtOUT CLKOUT 

Fig. 2,4 (b) Functional pin d lag ram 

Copyrighted 


Fff, 2.4 (a) Pin configuration 















































Microprocessor & Microcontroller System 2 - 9 


8085 Microprocessor 


a) Power supply and .frequency signals. 

b) Data bus and address bus 

c) Control bus 

d) Interrupt signals 

e) Serial I/O signals 
ij DMA signals 

g) Reset signals 


2.4.1 Power Supply and Frequency Signals 

0 '■Vc : It requires a single +5 V power supply. 

ii) V m ; Ground reference. 

iii) X| and Xj : A tuned circuit like LC, RC or crystal is connected at these two pins. 
Hie internal dock generator divider Oscillator frequency by 2, therefore, to operate a 
system at 3 MHz, She crystal of tuned circuit must have a frequency of 6 MHz. 

iv) CLK OUT : This Signal is used as a system clock for other devices. Its frequency is 
half the oscillator frequency. 

2.4.2 Data Bus and Address Bus 

A) AD 0 to AD t : The B bit data bus fD 0 - B?) Is multiplexed with the lower half 
(Aq - A?) of the 16 bit address bus. During first part of the machine cycle (T|), lower 8 hits 
of memory address or I/O address appear on die bus. During remaining part: of the 
machine cycle (f 2 and. T 3 ) these lines are used as a bi-directional data bus. 

B) Ag to A 1S ,* The upper half of the 16 bit address appears on the address lines Ag to 
A 15‘ These tines are exclusively used for the most significant B bits of the 16 bit address 
lines. 

2.4.3 Control and Status Signals 

A) ALE (Address Latch Enable! : We know that AD Q to AD? lines are multiplexed and 
the lower half of address (A fl - A?) is available only during Tj of the machine cycle. This 
lower' half of address is also necessary during Tj and Tj of machine cycle to access specific 
location to memory or I/O port. This means (hat Ihe lower half of an address must be 
latched in Tj of the ...uehine cycle, so that it is available throughout the machine cycle, 
The latching of lower half of an address bus is done by using external latch and ALE 
signal from 8085. 

S) ItD and VVR * These sisals are basically used to control the direction of the data 
flow between processor and memory or I/O device/port. A low on KD indicates that the 
data must be read from die selected memory location or I/O port via data bus. A low on 
WR indicates (hat the data must be written into the selected memory location or I/O port 
via data bus. 
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O IO/M, S 0 Mid : IO/M indicate* whether I/O operation or memory operation is 
being; carried out. Sj and % indicate the type of machine cycle in progress, 

D) READY : It is used by the microprocessor to sense whether a peripheral is ready or 
not for date transfer. If not the processor waits, It is thus used to synchrotfoee slower 
peripherals to the microprocessor. 

2.4.4 Interrupt Signals 

The 8085 has five hardware interrupt signals : RST 5.5, RST 6.5, R5f 7,5, TRAP and 
INTR The microprocessor recognizes interrupt requests on these lines at the end of the 
currant instruction execution. 

The [NTA (Interrupt Acknowledge) signal is used to Indicate that the processor has 
acknowledged an INTR interrupt. 

2.4.5 Serial I/O Signals 

A} SID {Serial. I/P Date) i This input signal is used to accept serial date bit by bit from 
the external device. 

Bj SOD (Serial O/F Data} t This is an output signal which enabte the transmission of 
serial date bit by bit to the external device. 

2.4.6 DMA Signal 

A) HOLD : This signal indicates that another master is requesting for die use of 
address bus, data bus and control bus. 

B) HLDA i This, active high Signal fe u-sed to acknowledge HOLD request. 

2.4.7 Reset Signals 

A1 rEsrTiN l A low on this pin 

1) Sets the program counter to zero (OOOOH). 

2) Resets the interrupt enable and HLDA flip-flops. 

3} Tri-states the date bus, address bus and control bus. (Note : Only during RESET is 
active). 

4) Affects the contents of processor's internal registers randomly. 

On reset the PC sets to OGOQH which causes the 8085 to execute the first instruction 
from address ODQQH. For proper reset operation, reset signal must be held low for at least 3 
clock cycles, The power-on reset circuit can be used to ensure execution of first instruction 
from address OCOQH, 

i) RESET OUT : This active high signal indicates that processor is being reset. This 
signal is synchronized! to the processor clock and it can be used to reset other devices 
connected in the system 
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23 Clock Circuits 
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Fig, 2,5 Slock digram of built-in dock 
generator 


The ft0$5 has on chip dock generator. 
Fig. 2,5 shows the internal block diagram of 
the on chip clock generator. The internal 
dock generator requires toned circuit like 
LC, KC or cry still, or external clock source 
as an input to generate the clock. The 
internal T-flip Hop divides the frequency by 
2, Hence the operating frequency of the 
SOft!} ip always half of the oscillator 
frequency. 


LC Tuned Circuit : 



Fig. 2,6 LC circuit 


It is a LC resonant tank circuit The 
resonant frequency for this circuit is given by 




1 


L(C m +€^1 


Where C int is fee Internal capacitance and 
it is normally 15 pF. The output frequency of 
this circuit hag. 10% variations. To minimize 
the variations in the output frequency, it is 


recommended to have Ct„ at least twice that of C. i.e, 30 pF. 


RC Tuned Circuit : Fig. 2.7 shows the 
RC timed circuit. The output frequency of 
this circuit is also not exactly stable. But 
this circuit hag an advantage that its 
component cost is less. 

Crystal Oscillator Circuit: 

Fig. 2,8 shows the crystal oscillator 
circuit. It is the most stable circuit. Hue 20 
pF capacitor in the circuit Ss connected to 
assure oscillator s^rt-up at the correct 
frequency. 
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Fig. 2.7 RC circuit 
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Fig. 2.B Crystaf clock circuit Fig. Z,9 External frequency source 


External Clock : 

Fig- 2 9 shows how to drive clock input of -BOSS with externa! frequency source. Here 
external dock is applied at X, input and X 3 input is kept open. 

2.6 Reset Circuit 

On reset, the PC sets to OOQQH which causes the 8085 to execute the first instruction 
from address OMOH. For proper reset operation, reset signal must be held low for at least 3 
dock cycles, The power-on reset circuit can be used to ensure execution of first instruction 
from address 0000H. Fig, 2.10 shows the power-on reset circuit with typical R, C values. 
(Note : R, C values may vary due to power supply ramp up time). 

Upon power-up, RESET IN must remain low for at least 10ms after minimum Vcc has 
been reached, in the circuit shown in Fig, 2.10. Upon power up or key press, the RE$Eff 
IN goes low and slowly rises to +5 V, providing sufficient time for die processor to reset 
the system. The diode is connected to discharge the cap ad tor immediately when power 
supply is switched OFF., 
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After RESET, S0B5 loads OOOOH in PC register and dears the INTE flag. Before going to 
execute interrupt service routine, it is necessity to setup certain parameters, required to 
execute interrupt service routine. To avoid interrupt to occur before completion of these 
initial requirements, after power on or reset, INTE flip-flop is cleared to disable interrupts, 
It ran be enabled by EE instruction after initial settings. 

As we know that, after power tip or reset 8085 fetches its first instruction from 00QQH 
address, and it has to be the first Instruction from monitor program. Therefore EPROM 
consisting of monitor program must be located from address OO0OH in any 8085 
microprocessor system - 

2.7 0085 Interrupt Structure and Operation 

2.7.1 Types of Interrupts 

The 80®5 has multilevel interrupt system. It supports two types of interrupts: 
a. Hardware b. Software 

Hardware : Some pins on the 8085 allow peripheral device to interrupt the main 
pro gram for I/O operations. When an interrupt occurs, the 8085 completes the instruction 
it is currently executing and transfers the program control to a subroutine that services the 
peripheral device. Upon completion of the service routine, the MFU returns to fee main 
program. These types of Interrupts, where MPU pins are used to receive interrupt requests, 
ate Called hardware Interrupts 

Software : In software interrupts, the cause of the interrupt is an execution of the 
instruction. These are special instructions supported by foe microprocessor- After execution 
of these instructions microprocessor completes the execution of the instruction it is 
currently executing and transfers the program control to the subroutine program. Upon 
completion of the execution of the subroutine program, program control returns to foe 
main program. 

2*7*2 Overall Interrupt Structure 

27.2.1 Hardware Interrupts in 8085 

The 8085 has five hardware interrupts ; 

L TRAP 2. RST 7.5 3. RSI 6.5 4, R5T 5.5 5. INTR 

When any of those pins, except INTR, is active, the internal control circuit of the 8085 
produces a CALL to a predetermined memory location. This memory location, where the 
subroutine starts is referred to as vector location and such interrupts are called vectored 
interrupts. The INTR is not a vectored interrupt. It receives the address of the subroutine 
from foe external device. 
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In BOSS, all interrupts except TRAP are maskable, When logic signal is applied to a 
maskable interrupt input the £085 is interrupted only it that particular input: is enabled. 
These interrupts can be enabled or disabled under program control. If disabled, #085 
disables an interrupt request The interrupt TRAP is nonmaskable whish means that it is 
not maskable by program control. Hie Fig, 2-11 shows the interrupt structure of 8085. Hie 
figure indicates that, the 8085 is designed to respond to edge triggering, level triggering or 
both. 


Plenty input pin Mask Vector 



TRAP : 

This interrupt is a nonmaskable interrupt It is unaffected by any mask or interrupt 
enable TRAP has the highest priority, TRAP Interrupt is edge and level triggered. This 
means that the TRAP must go high and remain high until it Is acknowledged. This avoids 
false triggering caused by noise and transients. 
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ACKNOWLEDGE 


CALL 5024K 


Fig. 2,12 Interrupt circuit for trap Interrupt 

As shown in the Fig. 212, the positive edge of TRAP signal sets the D flip-flop. 
However, due to the AND gate, il is necessary to sustain high level on the TRAP input 
There are two ways to dear TRAP interrupt ; 

1, By resetting microprocessor i.e. giving a low signal on RE5ETIN pin [External 
signal), 

2. By giving a high TRAP ACKNOWLEDGE {Internal signal). 

After recognition of TRAP interrupt, 8085 internally generates a high TRAP 
ACKNOWLEDGE which dears the flip flop. Once the TRAP is acknowledged, the 8085 
completes its current instruction, It then pushes the address of the next insbuction i.e, 
return address onto the stack and loads PC with the fixed vector address 0024H- Due to 
this, 8085 starts execution of instructions from address 0Q24H which is the starting address 
of an interrupt service routine for TRAP. 

RST 7-5 i The RST 73 interrupt is a maskable interrupt. It has the second highest 
priority. As shown in Fig. 2,11, it is positive edge triggered and. the positive edge bigger 
is stored internally by the D-flip flop until it is cleared by software reset using SIM 
instruction or by internally generated ACKNOWLEDGE signal. 

The positive edge signal on the RST 75- pin sets the D flip flop. If the mask bit M 7.5 
is 0 Le. RST 7.5 is unmasked then 8085 'Completes its current instruction. It then pushes the 
address of the next instruction onto the slack and loads FC with the fixed vector address 
DO0CH. Due to this, 8085 starts execution of instructions from address 003-CH which is the 
starting address of m interrupt service routine for RST 75- 

R5T 0.5 and RST 5.5 : The RST 6.5 and RST 5,5 both are level triggered. These 
interrupts can be masked using SIM instruction- The RST 6-5 has the third priority whereas 
RST 55 has the fourth priority. The vector addresses of RST 6,5 and RST 55 are G034H 
and 002CH respectively. After recognition of RST 6,5 or RST 5,5 interrupt, 8085 completes 
its current instruction; pushes the address of next instruction onto the stack and loads PC 
with corresponding vector address. 
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INTR : 1NTR Is a maskable interrupt, but not the vector interrupt It has She lowest 
priority. The following sequence oi events occur when INTR signal goes high, 

1, The MSS checks the status of INTR signal during execution of each instruction. 

2, If INTR signal is high, then BOSS completes its current instruction and sends an 
active low interrupt acknowledge signal (INTA) if the interrupt is enabled, 

3, In response to the INTA signal, externa] logic places an instruction OPCODE on the 
data, bus, In the case of multibyte instruction, additional interrupt acknowledge 
machine cycles are generated by the SOBS to transfer the additional bytes into the 
microprocessor, 

4, On receiving the instruction/ the 9085 saves, the address of next instruction on stack 
and executes received instruction- 

Note : Theore tically , the external logic can place any instruction code on the data bus in, 
response to the INTA, However, only CALL and KST codes save the contents, of the PC on 
the Stack and branch program control to the' subroutine address. 

Response for RST instruction : If the external device places an opcode for any one of 
the RST instruction {RST 0 * RST 7), then 8085 push® the contents of PC onto the slack, It 
then branch® the program control to the vector address of the corresponding RST 
instruction. 

Response for GALL instruction : If the external device places an opcode for CALL 
instruction then SOBS generates two additional interrupt acknowledge cycles. 

1- It sends an active 3,ow interrupt acknowledge signal second time. 

2. In response to second INTA signal, external logic plan® the lower byte address for 
the CALL instruction- 

3. After receiving lower byle address, BOSS sends the third interrupt acknowledge 
signal. 

4. In. response to third INTA signal, external logic places the higher byte address for 
the CALL instruction. 

5. After receiving sixteen bit address for CALL/ TO5 pushes the contents of the PC 
onto the stack and branches the program control to the’ subroutine whose address 
is received from, the external logic. 

Example ;The Fig. 2-13 shows the diagram of external logic that gives the RST 7 
instruction opcode on interrupt acknowledge. 

External logic controls a tri-state buffer with the INTA signal in order to place an 
opcode for RST 7 instruction. The IMTA signal from the microprocessor is used as an 
Output Enable signal for the buffer as well as reset signal for D Sip flop. The request from 
tiie I/O device is routed through the D flip-flop to the INTR The D flip flop is used to 
hold the INTR signal high until 9085 gives interrupt acknowledge signal. The INTA signal 
that is generated enables the tri-state buffer whose data inputs are hardwired to the value 
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Flip-ikip 


Fig. 2.13 External logic that gives the AST 7 instruction opcode 

equal to the opcode for 1ST 7 (FFH) instruction. The SQS5 receives this opcode during 
Interrupt acknowledge cycle. After receiving the opcode 8005 pushes the contents 
program counter onto the Stack, thus saving the return address. It then branches 
program control to the address QC38M (Vector address of 1ST 7), Table 2.1 shows 
summary of hardware interrupts in 8085. 


Interrupt type 

Trigger 

Priority 

Maskable 

Vector address 

TRAP 

Edge and Level 1 

l* 1 (HBhMtj 

Uo 

mm h 

RST 7.S 

Edge 


Ye* 

003CH 

RST 6.5 

Level 

3 :n * 

Yes 

E WMH 

RST 5.5 

Level 

4 fc 

" 

Yea 

002CH 

INTR 

Levd 

5 th (Lowest) 

Yes 



>pyrigh 



Table 2.1 


If if s. 
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27 22 Software Interrupts in BOSS’ 

The MBS has eight software interrupts from RST 0 to RST 7. The vector address for 
these interrupts can be calculated as follows. 

Interrupt number k 8 « vector address 

For example : 

5 x 8 = 40 = 23H 

- L - Vector address for interrupt RST 5 is 0Q2SH, 

The Table 2.2 shows the vector addresses of all interrupts. 


Instruction 

HEX code 

Vector address 

RST 0 

C7 

CKJQOH 

RST 1 

CF 

OOSSH 

RST 2 

D7 

Q010H 

RST 3 

DF 

0018H 

RST 4 

£7 

002OH 

RST S 

EF 

002&H 

RST 6 

F7 

W3QH 

RST 7 

FF 

TO8H 


Table 7.7 Vector addresses for software Interrupts 


2,7,3 Masking / Unmasking of Interrupts 

As mentioned earlier, maskable interrupts are enabled and disabled under program 
control. In this section we will see how interrupts can be masked or unmasked using 
program control There are three instructions used for masking / unmasking of interrupts ; 
1. El 2. DI 3, SIM 

El : Enable Interrupt 

The El instruction sets the interrupt enable flip-flop, as shown in Fig, 2.1 L Thus RST 
75, RST 6-5, RST 5,3 and INTR are enabled using El instruction. 

It is important to note that when any interrupt is acknowledged, interrupt ramble flip 
flop resets end disables all interrupts. To -enable interrupt in further process it is necessary 
to execute El instruction within interrupt service routine. 

PI : Disable Interrupt 

The DI instruction resets the interrupt enable flip flop, as shown in Fig, 211. Thus it 
disables RST 7.5, RST 6.5, RST 5.5 and INTR interrupts.. 
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SIM : Set interrupt Mask 

This instruction, is used to set interrupt mask and to send serial output. It transfers the 
contents of accumulator to interrupt control logic and serial I/O port. Thus it is necessary 
to load appropriate contents in the accumulator before execution of SIM instruction, 

2.7.4 Pending Interrupts 

The Head Interrupt Mask,. RIM, instruction is used to handle pending interrupts. If 
loads the status of the interrupt mask, the pending interrupts and the contents of the serial, 
input data line, SID, into the accumulator. Thus, it is possible to monitor status of 
Interrupt maskr pending interrupts and serial input. There are- number of interrupts. When 
one interrupt is being serviced, other interrupt requests may occur. If the interrupt 
requests are of higher priority, 8085 branches program control to the requested interrupt 
service routines. But when the interrupt requests are of lower priority, 8085 stores the 
information about these interrupt requests. Such interrupts are called pending Interrupts. 
The status of pending interrupts can be monitored using KIM instruction. 

2.8 I/O, Memory and System Buses 

We know tha t the central processing unit, memory unit and I/O unit are the hardware 
components/modules of the computer. They work together with communicating each other 
and have paths for connecting the modules together. The collection of paths connecting the 
various modules is called the Interconnection structure. The design of this interconnection 
structure will depend on the exchanges that must be made between modules. A group of 
wires, called bus is used to provide necessary signals for communication between 
modules*. A bus that connects major computer components/modules (CPU, memory, 1/0) 
is called a system bus. The system bus is a set of conductors that connects the CPU, 
memory and I/O modules- Usually, the system bus is separated into three functional 
groups : 

■ Data Bus 

• Address Bus 

* Control Bus 

The 8085 microprocessor provides AD d - AD, S lines as an address/data lines, and 
IQ/M, RD and WR lines as control lines. We have to take support of external components 
to generate address, date and control bus for memory and I /O interfacing. 

2.8.1 Generation of Address and Data Bus - Demultiplexing AD 7 -AD 0 

We know that AD 0 to ADy lines are multiplexed and toe lower half of address 
(Aq - A ? ) is available only during Tj of toe- machine cycle. This lower half of address is 
also necessary during T 2 and. T a of machine cycle to access specific 1 oca bon in memory or 
I/O port. This means that the lower half of an address bus must bo latched in of the 
machine cycle, so that If is available throughout the machine cycle. The latching of lower 
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half of an address is done by using external latch and ALE signal from BOSS- The F%- 2.14 
shows the hardware connection, for latching the lower half of an, address. The IC 74LS373 
is an IWjit latch, having 8 D flip-flops. The input is transferred to the output only when 
dock is high. This dock signal is driven by ALE signal from SOBS. The ALE signal is 
activated only during T I-f so input is transferred to the output only during Tj i.e. address 
(Afl - Ay) on the ADj to ADy multiplexed hits. In. the remaining part of the machine cycle, 
ALE signal 5$ disabled so output of the latch [Aq - Ay) remains unchanged- To latch lower 
half of an address, in each machine cycle, the fKNJ5 gives ALE signal high during T f of 
every machine cycle. 


\C 74L$a?$ 


m Q 

AD, 

AOj 

Apj 

AD^ 

ad 5 

ad 6 

AD, 



Output conlrot 


□, 

Dy 


Fig. 2.14 Latching circuit 

The address lines A & - Aj j, are not multiplexed, thus the output of latch and address 
lines A s - A 15 constitutes address hue [Aq - A 1S ). 

2,3,2 Generation of Control Signals 

The S0B5 mtaoptoceswr provides Id and WR signals to initiate read or write cycle. 
Because these signals are used both for reading/writing memory and for reading/writing 
an input device, ft is necessary to generate separate- read and write signals for memory 
and I/O devices. 
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The 8085 provides lO/M signa] to indicate whether the initiated! cycle is for I/O device 
or lor memory device. Using JO/M signal along with. RD and WR, it is possible to 
generate separate four control signals : 

ME MR (Memory Read! : To read data from memory, 

ME MW (Memory Write): To write data in memory, 

lOR (I/O Read) : To read data from I/O device, 

IOW (I/O Write) : To write data m I/O device. 

Fig, 2,15 shows the circuit which generates MEMR, MEMW, lOR and IOW signals. 



MEMR 

WEMW 

lOR 

law 


Fig. 2,15 Generation of MEMR:, MEMW, lOR and IOW signals 


We know that fox OR gate, when both the inputs are low then only output is low. 
Table 2.3 shows_the truth table used Id generate MEMR, MEMW, OR and TOW signals. 
The signal IO/M goes low for memory operation. This signal is logically OKed with RD 
and WE to get MEMR and MEM W signals, When both RD and IO/M signals go low, 
MEMR signal goes low. Similarly, when both WR and IO/M signals go low, MEMW 
signal goes low. To generate lOK and IOW signals for I/O operation, IO/M signal is first 
inverted and then logically QRed with .RD and WR signals. 


iq/M 

RD 





IOW 

WR# K3/M 

WR 

MEMR 

RD + ftd/M 

MEMW 

WR + EG/M 

lOR 

RD + IG/M 

Q 

0 

D 

Cwidifon never exists, because RD end WR signals doss not go 
low simultHrwQLJsry 

0 

0 

1 

0 

1 

1 

1 

Q 

1 

0 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 
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1 

0 

0 

Condon nevar exists., bstauw RD and WR signals doss rol go 
tow stoiutenewsty 

i 1 

0 

1 

1 

1 

0 

1 

1 

1 

a 

1 

1 

1 

0 

1 

i 

i 

1 

1 

1 

t 


Table 2,3 

Same truth table can be implemented using 3:® decoder as shown in Fig, 216- 
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Fig, 2,16 Generation of control signals using 3:8 decoder 
2.8.3 Bus Driven 

Typically, the 6085 buses can source 400 pA and sink 2 mA of current, i-e. it can drive 
only one TTL load. Therefore, it is necessary to Increase driving capacity of the BOSS buses. 
Bis drivers, buffers are used to increase die driving capacity of the buses. 

Unidirectional Buffers : 

As we know, (he address bus is unidirectional, 8-bit unidirectional buffer, 74LS244 is 
used to buffer higher address bus. The Fig, 2.17 shows the logic diagram of 74LS244, If 
consists of eight non-inverting buffers with tri-state outputs. Each one c an sink 24 mA and 
source 15 mA of current These buffers are divided into two groups. The enabling and 
disabling of these groups are controlled by 1G and 2G lines. 
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Fig. 2.17 Logic diagram of the 74L5244 


Bi-directional Buffer ; 


To increase the driving capacity of data bus, bi-directional buffer is used., Fig. 2.18 
shows the logic diagram of the bi-directional buffer 74LS245, also called an octal bus 
transceivers, It consists of sixteen rum-inverting buffers,, eight for each direction, with 
tri-state output The direction of data flow is controlled by the pin DIR, When, DIR is high,, 
data flows from the A bus itp the B bus; when it is low # data flows from B to A- The active 
low enable signal and the DIR signal are AMDed to activate the bus lines. Each buffer in 
this device can sink 24 mA and source 15 mA of current. 


IB 

17 
IB 
IS 
14 
13 
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Direction Enable 
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Fig. 2.18 Logic diagram of the 74LS24S 
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Ffg* 2,19 Typical 8013 configuration 
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Ft iko show® dock and reset drcuits-- Interrupt lines which are not in u®e are 
grounded. This is necessary because floating Interrupt line may cause false triggering of 
interrupt Similarly# since the DMA controller is not used, HOLD line is also groundsel. As 
we know READY Signal k used to synchronize slow peripherals with, the microprocessor. 
When it is low, microprocessor enters In the wait state and when it is high, it indicates 
that the memory or peripheral is ready to send or receive data. Here, the READY signal is 
tied high to prevent the microprocessor from entering Hue wait stale. ALE signal is 
connected to the deck input of the latch, to latch the low order address m Tj of the 
machine cyde To control the direction of the bi-directional buffer 74LS24 d, ED signal from 
8085 is connected to DIR input of the bi-directional buffer. Thus, when RD signal is low, 
DIR is low and data flows from memory or I/O device to the microprocessor, performing 
read operation, whan !p signal is high, DIR k high and data flows from microprocessor 
to memory or I/O device performing write operation. 


2*9 Instruction Cycle 

During normal operation, the microprocessor sequentially fetches, decodes and 
executes one Instruction after another until a halt instruction (HALT) is executed. When 
HALT instruction is executed, microprocessor enters in HALT state and remains in that 
state until reset signal is not activated. Upon activation of reset signal microprocessor 
again starts (he fetch, decode and execute cycle, be. instruction cycle. This is illustrated in 
Fig. 2.20. 



TIC] hi 


trial 


Fig. 2 .20 Fetehp decode, execute cycle 
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The fetching, decoding and execution of a single instruction constitutes an instruction 
cycle, which consists of one to five read or write operations between processor and 
memory or input/output devices- Each memory or I/O operation requires a particular 
time period, called machine cycle. In other words, to move byte of data m or out of the 
microprocessor, a machine cycle is required. Each machine cycle consists of 3 to 6 clock 
periods/cycles, referred to as T-states, Therefore we can say that, one instruction cycle 
consists of one to five machine cycles and one machine cycle consists of three to six 
T-staies i-e, three to six clock periods, as shown in the Fig- 2-21. 


0-085 Microprocessor 


Instruction cychs 


Machine eyrie 1 Mach ne cycle 2 


T■ state 1 T- slate 2 T- state 3 


Machine cycle 5 


T» state 6 


Fig, 2,21 Relation between Instruction cycle, machine cycle end T-stete 

There are seven different types of machine cycles in the MISS A . Three status signals 
IO/M, Sj and S$ identify each type as shown, in Table 2,4, These signals are ge n erated at 
the beginning of each machine cycle and remain valid for the duration of the cycle. 


Machine Cycle 

Status 

Control 


IQfM 

5i 

mm 

RD 

WR 

INTA 

Opcode Fetch 


1 

i 


t 

1 


& 

1 

Cl 

o 

1 

1 

Memory Write 

0 

0 

i 

1 

0 

1 

I/O Read 

i 

t 

o 

HKJfej 

1 

It 

IIO Write 

i 

0 

i 

t 

0 

1 

IlMTft Acknowledge 

i 

1 

i 

1 

1 

MM 

Bus Idle 

0 

0 

0 

1 

1 

i 


Table 2.4 8085 machine cycles 


2.10 Instruction p Execution, Sequence and Data Flow 

To execute an instruction, microprocessor has to perform sequence of machine cycles, 
depending on the insbuction, In this section, we study how to represent different signals, 
their timings and sequence of machine cycles and data flow involved In it. 
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2.10.1 Representation of Signals 

Before going to see She timing diagram, we will see the signals and its representation, 
used in (He timing diagrams. 

Clock Signal i 

The 8085 divides the dock frequency provided at x. and x 2 inputs by 2., which is 
called operating frequency. All the operations within the 8085 are synchronized with this 
operating frequency- Therefore in the timing diagram operating frequency dock b Shown 
on die lop and then the signals are shown with reference to operating frequency dock. 
Ideally, the clock signal should he square wave with zero rise time and fall time, as shown 
in the figure. Put in practice., we don't get zero rise time and fall time Therefore the dock 
and other signals are always shown with finite rise and fall times. Fig. 2.22 shows the 
practical way of representing dock signal. 



Single Signal 


(a} Ideal 

Fig. 2.22 Clock 



(b) Practical 

representation 


Single signal is represented by a line. It may have status either logic 0 or logic 1 or 
tri-stale,, The change in the state of the signal takes finite time and hence the state change 
of signal is represented with finite rise time and fall time, as shown in the Fig. 123. 


logic 1 logic 1 



Fig. 2,23 Single signal rap rasa ntation 

Group of Signals : 

Group of signal, is also called a bus e.g. address bus and data bus. To avoid 
complications in the timing diagram these signals are grouped and shown in the form of 
block as shown in Fig, 2,24, 
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In the .group representation individual state is not considered, but the group state is 
considered- Change in state of single signal changes the state of group. It is represented by 
the cross as shown the Fig, 2.24, the tri-state condition of the group signals is shown by 
dotted lines. Two straight lines represent valid steto/stahle state. 

In microprocessor systems, activation of signal / signals depends on the state of other 
signal/signals. Such situations are shown in the timing diagrams with the help of specific 
Symbols. There are four possibilities : 

Activation of a signal with the change in state of other signal. 

Activation of a signal with the change in state of other signals. 

Activation of signals with the change In state of other signal 

Activation of signals with the change in state of other signals. 

Fig, 2.25 shows the representation of dependence of the signal/signals, in the timing 


\ 


Other signal 


H 


\ 



Activated 

signal 


Fig. 2,25 a) Activation of signal with 
change In state of other signal 

\ _ 

T~ 

_J 


Fig. 2.2S c) Activation of a signal with 
the change in state of otiier signals 



Fig. 2.25 b) Activation of signal with 
tho change in state of other signal 



Fig, 2,25 dj Activation of signals with 
the change in state of other signals 
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LI0*2 Signal Timings 

In 8085 microprocessor, signals are activated at specific instant for specific time period. 
Once we understand this, it i$ vety easy to draw timing diagrams. The following section 
explains when the signals are activated and for what period they remain in active slate. 

ALE (Address Latch Enable) ; 

This signal is active high signal It is activated in the beginning of the T l state of each 
machine cycle, except bus idle machine cycle, and it remains active in the Tj state as 
shown, in the Fig, 2.26, 



R§. 2.26 ALE activation and its period 
A 0 - A t (Lower byte add ness} : 

The lower byte of address is available on the multiplexed ad dress/data bus 
(ADyi - AD?) during Tj state of each machine cycle, except bus idle machine cycle, as 
shown in Fig. 2,27. 
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Fig, 2.27 Lower address on the multiplexed bus 
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D 0 - D t (Data bus) : 

The data from memory or I/O device and from microprocessor to memory Of I/O 
device is transferred during T 2 and X 3 - states- It is important to note that in read machine 
cycle, data will appear on the data bus during the Later part 0 / the Tj - state, as shown an 
the Fig. 2.2S, whereas in write cycle data will appear on the data bus at the beginning of 
the T 2 - state, as shown in the Fig, 2.28. 



{a) Fig. 2.28 Data bus (b) 

To read data from memory or I/O device it is necessary to select memory or I/O 
device. After selection, device will put the data from, selected location on the data bus. 
This action needs finite time. This time is referred to as 'access time' , In case of write 
cycle, data, is available in the register set of the microprocessor and it can put that date on 
the date bus with aero access time. 

A e - A 1S (Higher byte address) : 

lire higher byte of address is available on the A s - A 15 bus during T lx T 2 and T 3 - state 
of each machine eyde, except bus idle machine cycle, as shown in. Kg. 2M, 
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Fig, 2.29 Higher byte address on Aft-AIS 
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10/M, S gt S 1 : 

These signals are called status signals. They decide the type of machine cycle to he 
executed. They are activated at the beaming of T^- state of each machine cycle and 
remain active till the end of the machine eycle- 



R D and W R ; These signals decide the direction of the data transfer. When RD signal Is 
active, data is transmitted from memory or I/O device to the rnicroproceswc, and when 
WR signal is active,, data is transmitted from microprocessor to the memory or I/O device. 
Both agnals are never active at a time. 

As we know data transfer in BOSS takes place during Tj and. Ty these signals are 
activated during T 2 and T-y as shown in the Fig. 2.31, 



2.10.3 Machine Cycles 

The 3085- has seven machine cycles, These are - 
1. Opcode Fetch 
1 , Memory Read 
3. Memory Write 
4- I/O Read 
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5. I/O Write 

f>. Interrupt Acknowledge 
7. Bus Idle 

In each machine cycles, particular signals are activated and data flow takes place in 
tents of opcode or operand to carry out instruction execution. Let us see which signals are 
activated and how data flow takes place in each machine cycle one be one. 

1. Opcode Fetch Cycle : 

Hie first machine eyde of every instruction is opcode fetch cycle in which the 8W5 
finds the nature of the instruction to be executed. In this machine cyde, processor places 
tire contents of the program counter on the address lines, and through the read process, 
reads (he opcode of the instruction. Fig. 2.32 fa) shows flow of date (opcode) from 
memory to the microprocessor and Fig, 2,32 (b) shows the toting diagram fur opcode fetch 
machine cycle. The length of this cycle is not fixed. It varies from 4T states to 6T states as 
per tire instruction. The following action describes the opcode fetch cycle in step by step 
manner. 

Slap 1 : (State T^J In Tj state,, the BOSS places the contents of program counter on the 
address bits. The high-order byte of the PC is placed on the Ag-A^ lines- The low-order 
byte of the PC is placed on the ADg - A% lines which stays on only during T^ Thus 
mtotoproressor activates ALE (Address Latch Enable) whidt is used to latch the low-order 
byte of the address in external latch before it disappears. 

In Tj, SOBS also sends status signals 10/M and S^. IO/M specifies whether it Is a 
memory or I/O operation, §i status specifies whether it is read/write operation; S t and % 
together indicate read, write, opcode fetch, machine cycle operation, or whether it is in 
HALT state. In opcode fetch machine cycle status signals are : IO/M = 0, S 1 1, S Q = 1. 

Step 2 : (Stale T 2 ) In T a , low-order address disappears- from toe AD 0 - AD ? lines. 
{However Aq - A 7 remain available as they were latched during Tj). In T 2 , 8085 sends RD 
signal low to enable the addressed memory location, The memory device then places the 
contents of addressed memory location on the date, bus (AD® - AD*r). 

Step 3 ; (Slate T 3 ) Durmg Tj, SfB5 loads the data from the date bus in its Instruction 
Register and raises RD to high which disables the memory device. 

Step 4 : (State T 4 ) 

In T* microprocessor decodes the opcode, and on the basis of the instruction 
received, it decides whether to enter state T s or to enter state Tj of the next machine cycle. 
One byte instructions those operate on eight bit date (8 bit operand) are executed in X 4 , 
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For example ; MOV A,B, ANA D„ ADD B, INR L, DCR C t RAL and many more., 

Not© : For one byte instructions which operate on dght bit data, data is always available 
in the internal memory of 8083 be, registers 

Stop S r (State T 5 anil T s ) States T s and T 6 , when entered, are used for internal 
microprocessor operations required by the instruction- During T§ and T&, SO85 perfoims 
stack write, internal 16 bit, and conditional return operations depending upon the type of 
instruction. One byte instructions those operate on. sixteen bit data (16 bit operand) are 
executed in T 5 and T & , For example DOC H, PCHL, SPHL, lISIX H, etc, 

t» Memory Reed Cycle : 

The OT85 executes the memory read cycle to read the contents of K/W memory or 
ROM- The length of (hfe machine cycle Is 3 -T states (Tj - Tj). In 1 M 5 machine cycle, 
processor places the address on the address lines from the stack pointer, general purpose 
register- pah or program counter# and through the read process* reads the data from the 
addressed memory location. Fig, 2.,33 (a) shows flow 0 # date from mommy to fee 
microprocessor and Fig, 233 (b) shows the timing diagram for memory read machine 
cycle. Memory read machine cyde is similar to the opcode fetch machine cycle. However# 
they use only states, Tj to and the status signal values (IO/M = 0, Sj = 1, Sq * 0) 
appropriate for memory read machine cyde are issued in Tj. The following section 
describes the memory read machine cyde in Step by step manner. 

Step 1 : (State T t ) In T t state, microprocessor places the address on the address Hites 
from stack pointer, general purpose register pair or program counter and activates ALE 
signal in order to Latch low-order byte of address. 

During T-j, 8085 sends status signals : JQ/M - 0# S 3 ■= 1, and S 0 * 0 for memory read 
machine cycle, 

Step 2 : (State T 2 ) In T 2 , 8 GSS sends RD signal low to enable (he addressed memory 
location. The memory device then places the contents of addressed memory location on the 
data bus (AD 0 -AD 7 ). 

Step 3 : (State Tj) During Tj, 8085 loads the data from the data bus into specified 
register (F, A, B, C, D r E, H, and L) and raises RD to high which disables the memory 
device 
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Fig.2.33 (a) Data Ho# from mBlUOfy IA ItlkrApnKBlIor Fig, 2.33 (b) Memory read machine cycle 
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3. Memory Write Cycle 

The 8DBS executes the memory write cycle to- store the data into data memory or stack 
memory, The length of this machine cycle is- 3T states {Tj_ - T 3 ). In this machine cycle, 
processor places the address on the address lines foam the stack pointer or general 
purpose register pair and through the write process, stores the data into die addressed 
memory location. Fig. 2.34 -shows the timing diagram tor memory write machine cycle, The 
memory write timing diagram is similar to the memory read timing diagram, except that 
instead ol RD, WR signal goes low during Tj and Tj. The status signals for memory write 
cycle are i IO/M - 0, Sj - 0, Sq - 1. Hie following section describes the memory write 
machine cycle in step by step manner. 

Step 1 : {Stela T^J In Tj state, the 8085 places the address on the address lines from 
stack pointer or general purpose register pair and activates ALE signal in order to latch 
low-order byte of address. During T|, BOSS sends status signals : 

IO/M = 0, Sj = 0 and S Q = 1 for memory writ# machine cycle. 

Step 2 : (State Tg) In T ;/ 8036 places data on the data bus and sends WR signal low tor 
writing info die addressed memory location. 

Step 3 : (State Tj) During Tj, WR signal goes high, which disables, the memory device 
and teradnales the write operation. 

4. 5. I/O Road and I/O Write Cycles 

The I/O read and I/O write machine cycles arc similar to the memory rend and 
memory write machine cycles,, respectively, except that the IO/M signal is high for I/O 
read and I/O write machine cycles. High IO/M signal indicates that it is an I/O operation. 
Fig, 2.35 and Fig, 2,36 show the timing diagrams for I/O read and I/O write cycles, 
respectively. 

6. Interrupt Acknowledge Cycle 

In response to INTR signal, 8085 executes interrupt acknowledge machine cycle to read 
an instruction from the external device- Theoretically, the external device can place any 
instruction o« the data bus in response to IWTA. However* only RST and CATX* save the 
FC contents (return address) before transferring control to the Interrupt service routine- 
The next sections explain interrupt admowledge cycles for RST and CALL Instructions. 
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Fig. 2.35 (a) Date flow from Input devks to microprocessor Fig. 2-35 (b) liO read memory eye lo 
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F^j 8 2.36 (a) D«ta (low frwn mtepepreeeeter to output device R S* 2.36 (b) I/O writ* macbfeia cycle 
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Interrupt acknowledge cycle for RST Instruction 

Fig, 2,3? shows the timing diagram of the interrupt acknowledge machine cycle and 
execution, of RST instruction. The interrupt acknowledge cycle is similar to the opcode 
fetch cycle, with two exceptions, 

1. The KSlTA signal is activated instead of the HD signal 

2. The status tines {IO/M, Sg, and Sj) arc 111 instead of Oil, 

During interrupt acknowledge machine cycle (Mi), the RST is decoded, which initiates' 
1 byte CALL instruction to the specific vector location- The machine cycles M 2 and Mg are 
memory write cycles that store the contents of the program counter on the stack, and then 
a new instruction cycle 'begins. 
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Fi|. 2.37 Restart instruction 
Interrupt acknowtedge cycle for CALL instruction 

Kg. 2,38 shows the timing diagram of the interrupt acknowledge machine eyde and 
execution of a CALL instruction- For CALL instruction, it is necessary to fetch the two 
bytes of the CALL address through two additional interrupt acknowledge machine cycles 
(M 2 fln d Mj in Fig. 238}. The machine cycles M 4 and M s are memory write cycles that 
store the contents of the program counter on the stack, and then, a new instruction cyde 
begins. 
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7. Bus Idle Cycle 

There are few situations where the machine cycles are neither Read nor Write, These 
situations Are : 

1, For execution of DAD instruction (this instruction adds the contents of a specified 
register pair to the contents of HL register pair) ten T states are required. This means that 
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after execution of opcode fetch machine cycle, DAD instruction requires 6 extra T-states to 
add 16 hit contents of a specified register pair to the contents of HL register pair- These 
extra T-states which are divided into two machine cycles do not involve any memory or 
I/O operation, These machine cydes are called BUS IDLE machine cydes, Fig 2,39 shows 
Bus Idle Machine Cycle for DAD instruction. 
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F! 0 ,2 M Timing diagram for DAD iin®hnicUo«i 

In tine case of DAD, these Bps Idle cycles are similar to memory read cycles, except KD 
and ALE signals are not activated. 

2, During internal opcode generations, for TRAP and R5T interrupts, 8085 executes Bus 
Idle Machine Cycles. Fig. 2.40 shows the Bus Idle Machine Cyde for TRAP. In response to 
TRAP interrupt, 8085 enters into a Bus Idle Machine Cyde during which it invoices restart 
instruction, stores the contents of PC onto the stack and places 0G24H (Vector address of 
TRAP) onto the program counter. 
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The mincer of machine cycles required to fetch complete instruction depends on the 
instruction type : 

1. One byte 2, Two byte 3, Three byte 

One- byte instruction doesn't require any additional machine cycle. Two byte 
instruction requires one additional memory read machine cycle, whereas three byte 
instruction requires two additional memory read machine cycles. 

The number of machine cycles required to execute die instruction depends on tine 
particular instruction. The total number of machine cycles required varies from one to five. 
It is possible that memory read and memory write machine cycles occur more than once in 
a Single instruction cycle. The following examples illustrate the timing diagrams and 
machine cycles used lor few @085 instructions. 



Example 2.1 ; Dn*w to timing dtogrm ft* instruction MVi A, 30 H which is stored at 
address ZQOOH. 
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Solution : This instruction consists of two bytes; the first is- the opcode lor MVI A 
instruction and the second is die data byte. The 8085 needs to read these bytes first front 
memory and thus requires at least two machine cycles. The first machine cycle is opcode 
fetch and second is memory read. Fig, 2.41 shows the timing diagram for this instruction. 
This instruction cycle is described in the following paragraphs, 

1- The fust machine cycle is an opcode fetch machine cycle. In T 1h the microprocessor 
places the 16 bit memory address (20QOH) from, the program counter cm the address bus, 
2QH cm the A 1S - A and OOH on AD 7 - ADg and increments program counter to 2901H to 
point to the next: memory location. It activates ALE signal (active high) to latch the 
low-order address QQM from the bus AD ? -AD 0 , It also gives the status signals (IO/M, Sj 
and S 0 ) Dll to indicate that it is an opcode fetch machine cycle. In T 2 , the SO85 activates 
RD (active low) and reads the contents of memory location 2000H Le. 3EH, Then 8085 
places the opcode in the instruction register and disables the RD signal during Tj, During 
T 4r the 8085 decodes the opcode and recognizes that it needs memory read machine cycle 
to read second byte of the instruction. In T^, the contents of the bus A^-Ag are unknown, 
and the data bus AD? - AD$ goes into high impedance state. 



Fig. 2.41 Timing diagram lor MVI A, 30H instruction 
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2- Alter opcode fetch machine cycle 8085 executes memory' read machine cycle. In Tj 
of memory read, machine cycle, 8085 places the address 2Q01H on the address bus and 
increments the program counter to point toe next memory location (2002H). 8085 then 
activates ALE signal and sends status signals (IO/M, S] and Sg) 010 to indicate memory 
read machine cycle. During Tj and T 3 , 8085 activate. RD signal and reads the 8 hit data 
from memory location. 2001H (30H). Hie 80S5 then stores this data into the accumulator. 

Example 2,2 % Indicate machine cycles and T-States required for execution of STA 
instruction. 

Solution : For instruction shown in Fig. 2.42, three machine cycles ate required to fetch 
the instruction and one additional machine cycle is required to store the contents of 
accumulator into the memory. So following machine cycles are required for STA 
instruction, 


MACHINE 

CYCLE 

TSTATE 
OLCCK 


TYPE OF 
MACHINE 
CYCLE 

ADCRE$$ 

BUS 


DATA BU S 


INSTRUCTION CYCLE 


M, 


UhJiui 


OPCODE FETCH MEMORY READ MEMORY READ MEMORY WRITE 



Th# »(Mi as* {conttr* ;r 
Ihc prugi im raL-ntar; 

Paint to Ihe fit' byte 
(Dprtdv) rrf rfid bitfiijcfan 

ln*friKSMn Opcode [of STA) 


TheaeMrae* 
(PC* 1 > pciMs to 
Sip uoand byle 
□f tba jrsSdydinn 

Lm 0Ms r byt» 
or HM direct 
Addles* 


The addr«s 
(PC *1\ pent 1 = 
Hit Ih -ri brie 
ijrf $h«s intfisc&gpi 

Hip 1 ! wderbyta 
of i.tw dirts! 
address 


llw aedre** it 
ihe direct 
address accessed 

Contents otthe 

tKcjmijtdi.or 


Fig. 242 MaeMrt* cycteB for STA Instruction 

L Opcode Fetch (4T- State), 

2. Memory Read (3T- States). 

3. Memory Read (3 T-States). 

4 Memory Write (3 T-Stetes). 

Thus for STA instruction 13 T-S totes are required. 
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Example 2.3 : Indicate machine cycles and T-States requited far executem of LXI 
instruction. 

Solution ; For instruction shown in Fig, 2.43, three machine cycles are required to fetch 
the instruction. As it is an immediate instruction, operand Le. immediate 16-hit data is 
given within the instruction, no further machine cycle is required. 

Machine cycles required, for LXI instruction. 
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Fig, 2.43 Machine cycles required ter LXI $r»airus4§gn(lQ}i 


L Opcode Fetch (4T- States), 

2. .Memory Read (3T- States). 

3, Memory Read {3T- States). 

, i 

Thus for LXI instruction 10 T-States are required, „ 

x ■* \ 

IS^ Example 2,4 : Indicate machine cycles and T-States requited for execution of LHLD 
instruction. 

Solution : For instruction shown in Fig, 2,44, three machine cycles are required to fetch 
the instruction and two additional machine cycles are required to load 16-hit contents from 
two consecutive memory locations into HL register pair. So following machine cycles are 
required for LHLD instruction. 
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Fla. 2.44 Machine cycles and T-state* required for execution of LHLO instruction 


1. 'Opcode Fetch (4 T-States). 

2. Memory Read {3 T-States). 

3. Memory Read (3 T-States). 

4. Memory Write (3 T-States). 

5. Memory Write <3 T-States). 

Thus for LHLD instruction 16T-Staies are required. 
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2.10,4 Concept of Welt States 

Irt some applications, speed of memory system and I/O system ate not compatible 
with the microprocessor's timings. This means that they take longer time to read/write 
data, tn such situations, the microprocessor has to confirm whether a peripheral is ready to 
transfer data or not. If READY pin is high, the peripheral is ready otherwise B€S5 enters 
wait state, 

Fig. 2,45 shows the timing diagram for memory read machine cycle with and without 

wait state 



Fig. 2,45 Read machine cycle With end withCLit welt State 

Wait states continue to bo inserted, as long as READY is low. After the wait state, B085 
continues with Tj of the machine cycle. During a wait state the contents of the address 
bus, the data bus, and the control bus are all held constant 

The wait state then gives an addressed memory or I/O port an extra dock cycle time 
to output valid data on the data bus. This feature allows to use cheaper memory or I/O 
devices that have longer access times. 
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Review Questions 

J r Explain the features of 8085. 

2, Gm to clock om* frequency and state time, T, of m fQSM «p?rato£ with ruck of to following 
frequency crystals ■ 6-2$ MHz, fttM MHz, 5 M/Jz and 4 MHz 
' 3. tof to internal registers in S085A, their flitoftotiDni and lengths. Describe the primary function 
of each register. 

4. Gjw the format of fag register in 808$. Explain each flag. 

5. Dmw the functional Mbdfc diagram of microprocessor S0S5 and explain in brief, 

6. Explain different control used by 8085, 

7. Vv% AQ a -AD? Sims aw multiplexed ? 

8. What w the me of ALE sagiw! 7 

9. Whal is to me of CLKQUT and RESET OUT signals of $08$ pmxmor 7 

10, Describe the function of following pins in SflfiS. 

a- READY b. ALE ft. IQ/M d. HOLD e. RESET 

11, Explain the signals nsesf m DAM flper&tKWJ in 8085- 

12, Draw md explain typical $08$ configuration. 

18, Define 

it Instruction cycle icj Machine cycle aTi> T state 

14.. What is to necessity to ?hirr ftra sfnfus lines Sj mi Sq eft $085 7 
15, Stow to representation of signal, 

15. Stow to nepnesewlatort of group of signals. 

17, In iafcwl* T - cycte to j 4LE sigmaf is actimted ? 

1$. Explain kom to muUipkxei datafaddress bm » storerf for data and address. 
t$. Draw and explain the timing diagram of opcode fitch machine cycle. 

20, Dnm and explain to timing diagram cf memory read tmdrne cycle. 

21. Draw and explain to t ini'rtj diagram of memory write machine cycle. 

22., Dratif and explain the timing diagrams for I/O read and I/O mite machine cycles, 

2$. Explain the interrupt acknowledge cycle for RST instruction. 

24. Explain the mtemtpt acknowledge cycle for CALL mstrasriian, 

25. Draw and explain the 5ms idle machine cycle. 

25, indicate machine cycles and Tstates requited fir execution of IDA instruction- 

27. Explain the use of Ready signal an MSS. 

28. Draw and explain the timing diagram fir memory msd machine cycle with and without wait state, 
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3.1 Introduction 

In Hie previous chapter we have studied block diagram of microprocessor 8085, The 
block diagram shows micrcproeessor s functions for date processing and date handling, It 
algo shows how each of these logic functions are corrected together. Such microprocessor 
performs a particular task by executing proper sequence of instructions. Thus to perform a 
task tn a particular microprocessor system* programmer has to know the instructions 
supported by microprocessor used in. the microprocessor system 

TMs chapter explains the set of instructions supported by the 8085 microprocessor and 
explains how to write programs (set of instructions written in a proper Sequence to 
perform a particular task) using them. This chapter also gives a large number of programs 
to perform different tasks, 

3.2 Instruction Classification 

The instructions provided by the 8085 can be categorised into five different group® 
based on toe nature of function of the instructions. 

* Date transfer operations 

* Arithmetic operations 

* Logical operations 

* Branch operations and 

* Stack, Input/Ouiput aid Machine control operations 

3,2.1 Data Transfer Operations 

The date transfer instructions load given date info register, copy date from register to 
register, copy date from register to memory location, and vice versa. In other words we 
can say that data transfer instructions copy data from source to destination- Source can be 
data or contents of register nr contents of memory location whereas destination can be 
register or memory location. These instructions do not affect the flag register of the 
processor. 
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3.2.2 Arithmetic Operations 

The arithmetic instructions, provided by 8085 perform addition, subtraction, increment 

and decrement operatians. 

* Addition i Any B-bit number, or the contents of a register,, or the contents of a 
memory location can be added to the contents of the accumulator and the 
resulted mm Is stored in the accumulator. The resulted carry bit is stored in the 
carry flag. In SOBS, no two other registers can be added directly, it the contents 
ol B and C registers cannot be added directly. To add two 16-bit numbers the 
BOSS provides DAD instmetion. It adds the data within the r eg ister pair to the 
contents of the HL register pair and resulted, sum is stored in the HL register 
pair. 

* Subtract! nn ■ Any S-bit number, or the contents of a register, or the contents of a 
memory location can be subtracted from the contents of the accumulator' and the 
result is stored in the accumulator. The resulted borrow bit is stored in the carry 
flag. In B0B5, no two other registers can be added directly, 

* Increment/D cerement : The 8085 has the increment and decrement instructions 
to increment and decrement the contents of any register, memory location or 
register pair by 1. 

3J.3 Logical Operations 

The logical instructions provided by SOBS perform logical, rotate, compare and 
complement operations, 

* Logical : Using logical instructions, any fbbit number, or the contents of a 
register, or of a memory location can be logically ANDed, OKed, or 
Exdusive-OKed with the contents of the accumulator and the result is stored in 
the accumulator. The result also affects the flags according to definition of Hags. 
For example, the .zero result sets the zero flag. 

* Rotate t These instructions allow shifting of each bit in the accumulator either 
left or right by 1 bit position. 

* Compare ; Any 8-bit number, or the contents of a register, or the contents of a 
memory location can be compared for equality, greater than, or leas thary with 
the contents of the accumulator. 

* Complement : The result of accumulator can be complemented with this 
instruction, It replaces all Os by Is and all Is by Os-. 

3.2.4 Branching Operations 

These instructions allow the 8085 to change the sequence of the program, either 
unconditionally or under certain test conditions. These instructions include branch, 
instructions, subroutine call and return instructions and restart instructions. 
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3.2.5 Stack, Input/Output and Machine Control Operations 

These instructions control the stock operations, input/output operations and machine 
operations, The stack instructions allow the transfer of data from register pair to stack 
memory and from stack memory to the register pair. The input/output instruction allows 
the transfer of B-bik data to input/output port. On the other hand machine instructions 
control the machine operations such as interrupt,, halt, or do nothing. 

3.3 Instruction and Data Format 

Each instruction of the $085 microprocessor has specific informs lion fields. These 
information field of instructions are called elements of instruction. These are ; 

■ Operation code t The operation code field in the instruction specifies the 
operation to be performed. "Flic operation is specified by binary code, hence the 
name operation code or simply opcode. For example, for 8085 processor 
operation code for ADD B instruction is 80H- 

* Source / destination operand : The source/destination operand field directly 
specifies five source/destination operand for the instruction,. tn 8085, the 
instruction MOV A,B has B register contents m a source operand and A register 
contents as a destination operand because this instruction copies the contents of 
register B to register A, 

* Source operand address : We know that the operation specified by the 
Instruction may require one or more operands. The source operand may be in 
tire 8085 register or in the memory. Many times the instruction specifics the 
address of the source operand so that operand(s) can he accessed and operated 
by the 8085 according to the instruction. 

In 8085, the source operand address for Instruction ADD M is given by HL register 
pair, 

* Destination operand address : The operation, executed by the 8085 may produce 
result. Most of the times the result is stored in one of the operand. Such operand 
is known as destination operand. The instruction, which produce result specifies 
the destination operand address. In 8085, the destination operand address for 
instruction HsfR M is given by HL register pair because INR M instruction 
increments the contents of memory location specified by HL register pair and 
stores the result in the same memory location- 

* Next instruction address : The next instruction address tells the 8085 from where 
to fetch the next instruction after completion of execution of current instruction. 
For BRANCH instructions the address of the next instruction is specified within 
the instruction. However, for other mstimetiens, the next instruction to be fetched 
immediately follows the current instruction. For example, in 8085, instruction 
after INR. B follows it. The instruction JMP 2000H specifier the next instruction 
address as 2000H. 
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3.3.1 instruction Formats 

The S0S5A instruction set consists of one, two and three byte instructions. The first 
byte is always die opcode; in two-byte instructions the second byte is usually data; m 
three byte instructions the last two bytes present address nr 16-bit data,, 


1. One byte instruction : 


Formal; 


Opcode 


1 byte 

2. Two byte instruction : 


Forma!: 


Opcode 


Operand 


2 bytes 


3. Three byte instruction : 


For Example - MOV A, B whose opcode is 78H 
which is one byte. This instruction copies the 
contents of P register in A register, 


For Example : MVI B, 02H, Be opcode for this 
instruction is Q6H and is always followed by a byte 
data (02H in this case). This instruction is a two byte 
Instruction which copies immediate data into B 
register. 


For Example : IMF 620GH- The opcode for this 
instruction is CBH and is always, followed by 

formal: 

kbytes instruction is a three byte instruction which 

loads 16 bit address into program counter. 


Opcode | Operand 


Operand 


16 bit address (6200H in this ease). This 


3.3.2 Opcode Formats 

The 8085A microprocessor has 8-bit opcodes. The opcode is unique for each instruction 
contains the information about operation, register to be used., memory to be used etc. 
8095A Identifies all operations, registers and flap: with a specific code. For example, 
ntemal registers are identified as shown in the tables 3.1(a) and 3.1(b), 
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Table 3.1 (b) 
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Similarly,, there are different codes for each operation. The operation codes are 
identified as follows s 


Instruction 

Operation Code 

Instruction 

Operation Code 
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s 

s 

DCX rp 

Q 

0 

D 

D 

1 





1 

1 

C 

i ; 

1 

1 

1 

0 

Dl 

1 

t 

1 

1 

0 



n 

SHLD actdr 

0 

0 

1 

0 

0 

0 

1 

0 

It 

1 

1 

1 

1 

1 



t 

SIM 

0 

0 

1 

1 

0 

0 

0 

0 

HLT 

0 

1 

1 

1 

9 



0 

SPHL 

1 

1 

1 

1 

1 

0 

0 

1 

IN 

i 

1 

0 

1 

i 



1 

ST A ad dr 

0 

0 

1 

1 

0 

0 

1 

0 

INR r 

0 

0 

s 

s 




D 

STAX rp 

0 

0 

0 

s 

0 

0 

1 

0 

lNXrp 

o 

0 

0 

D 

D 


n 

H 

STC 

0 

0 

1 

i 

i 0 

1 

t 

1 

JMP flddr 

i 

1 

0 

O 




i 

SUB r 

1 

0 

0 

; 

0 

a 

3 

S 

LDA flddr 

0 

0 

1 

1 

H 


t 

o 

5UI data 

1 

t 

0 

i 

0 

i 

1 

0 

LOAXrp 

0 

0 

0 

D 

i 


i 

0 

XCHG 

1 

1 

1 

0 

1 

0 

1 

1 

LHLD ad-dr 

0 

0 

1 

0 



i 

0 

XRAr 

1 

0 

1 

0 

1 

s 

S 

s 


l( 





















Note r DDD defines fee destination register, SSS defines fee source register, DD 
defines fee register pair, D defines, direction, TT defines Flag Type and F indicates flag 
status. 

Tabid 3.2 Instruction codes 

Now r we wiU see how opcodes are designed for some instructions using information 
given in fee above tables. 


Example 1 : 

Instruction : MVI R Operation ; Move immediate 8-bit data 

Operation code : 0 0 D D D 1 1 0 

Register code : 0 0 0 

Opcode : 0 0 0 0 r , 1 1 0=06H 

Example 2 : 

instmctiqn ; MVI A Operation ; Move Immediate 8-blt data 

Operation code : 0 0 D D D 1 I 0 

Register code : 111 

Opcode : 0 0 11 111 0 = 3EH 

Example 3 r 

Instruction : LX 1 B Operation ; Load immediate 16 -bit data. 

Operation code ; 0 0 D D 0001 

Register cede : Q 0 

Opcode : 0 0 0 0 0001 = 01H 

Example 4 ; 

Instruction t LXI D Operation ; Lewd immediate 16-bit data 

Operation code ■ 0 0 D D 0 0 0 1 

Register code i 0 1 

A Opcode : 0 0 0 1 0 0 0 1 = 11H 
















J 
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Example 5 : 

Instruction 

Operation code 
Register code 
Opcode 

Example 6 : 

Instruction 

Operation code 
Register code 
.* Opcode 

3,3.3 Data Formats 

The operand is m another name ter data. It may appear in different forms : 

* Addresses 

* N umbers / 1x5 gk a I data and 

* Characters 

Addresses : The address is a 16-bit unsigned integer number used to refer a memory 
location. 

Numben/Dab j The 8085 supports following numeric data types, 

* Signed Integer i A signed integer number is either a positive number or a 
negative number, In SOBS, 3-bits are assigned for signed integer, in which most 
significant bit is used for sign and remaining seven bits are used for magnitude. 
Sign bit-0 indicates positive number whereas sign bit-1 indicates negative 
number. 

* Unsigned integer ; The 8085 microprocessor supports 8-blt unsigned integer. 

* BCD : The term BCD number stands for binary coded decimal number. It uses 
ten digits from 0 through 9. The 8-bit register of 8085 can store two digit BCD 
number. 

Characters i The 8035 uses ASOJ code to represent characters. It is a 7-bit 
alphanumeric code that represents decimal numbers, English alphabets, and other special 
characters. 


£ MOV A f 3 Operation ; Copy data from source 

register to destination 
register 

r 0 1 D D D 5 S S 

: 111 000 

■0 1 1 1 1 0 0 0 = 78H 

: MOV E, L Operation ; Copy data from source 

register to destination 
register 

: 0 1 D D D S S S 

: 0 1 110 1 

: 0 1 0 1 110 1= 5DM 



righted 


ih 


-rial 



Microprocessor & Microcontroller System 3 - 8 


0D05 Instruction Set And ALP 


3.4 Instruction Sot of BOSS 

In this section, the instructions from ell groups are- explained with the help of 
examples. Before to discuss these inshuetions^ let us get fa miliar with the notations used in 
the explanation of instructions. These are: 


flotation 

Meaning 

M 

Memory location pointed by HL register pair 

r 

a-bii register 

fp 

IB-bit register p«lr 

IB 

Source register 

«1 

Definition register 

aefdr 

16-bit iddr«i/3-bll address 

,1 Data Transfer Group 

MV! t. data (&> 

This mslruddon directly loads a specified register with an fMbit data 
given within the instruction. The register r is an 8-bit general 
purpose register such as A, B r C, D r E, H and L 

Operation : 

r f— 8-bit data (byte) 

Example : 

MVI B, §DH ; 

Thi? instruction will load 60K dirsctly into the B 
register. 

MVI M r data (8) 

This instruction directly loads an S-bit data given within the 
instruction into a memory location, The memory location is 
specified by the contents of HL register pair. 

Operation : 

M f- byte or (HL) *— byte 

Example : 

K * 2Qtt and L - 50H 

MVI M, 4 OH ; 

This instruction will load 4DH into memory whose 
address is 20S0H. 


Before Execution After Execution 


204FM 


2Q4FH 


HL = 205QH 


MVi M. 4QH ^ - 2050H 

40 

2051N 


2051K 



0V 

r J 
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I. MOV rd, rs 

Operation : 

Example : 

MOV Bj k ; 

4. MOV M, rs 

Operation : 

Example : 

MOV M, B 

5. MOV rd, M 

Operation : 

Example : 

MOV C, M 1 

6. IX\ rp. data (IS) 

Operation ; 

Example ; 

LJCI B, 1020H ; 


This instruction copies data from the source- register into 
destination register. The is and rd are general purpose registers 
such as A, B r C, D, E, H and L. The contents of the source register 
remain unchanged after execution of tine instruction, 

rd <- rs 

a ** 2m 

This instruction will copy the contents of register A 
(2DH) into register B. 

This instruction copies data from the fiour-n: register into memory 
location pointed by the HL register pair. The rs is an 8-bit general 
purpose register such as A , B, C, D, E, H and L- 

(HL) <- rs 

It Eli - 205GB, £ =• 3GH. 

This Instruction will copy the contents of B register 
(3OH) into the memory location whose address is 
specified by HL 12G5QH) . 

This instruction copies date from memory location whose address 
is specified by HL register pair into destination register. The 
contents of the memory location, remain unchanged. The rd is an 
B-bit general purpose register such as A, R, C t D„ E„ H and L. 

rd e- (HL) 

HL = ,2050H, contents at 2&5&H memory location = 4GH 

This instruction will copy the contents of memory 
location pointed by HL register pair (4OH) into the C 
register. 

"this instruction loads immediate 16 -bit data specified within the 
instruction into register pair Or Stack pointer. The rp is 16-bit 
register pair such as BC, DE, HL or 16-bi.t stack pointer. 

rp *— data (16} 


This instruction will load 10H into B register and 2BH 
into € register. 


'TIClfT 


m i 
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f. STA addr This instruction stores the contents of A register into the memory 

location whose address is directly specified within the instruction. 
The contents of A register remain unchanged. 

Operation : (addr) *- A 

Exam pis ; A*50H 

STA 2000H. ; This instruction will store the concents of A register 

{5*0H ) to tnemor y locati on 2 0 00H . 

8, LDA addr This instruction copies the contents of the memory location whose 

address is given within the instruction into the accumulator. The 
contents of the memory locati on remain unchanged. 

Operation : A «- (addr) 

Example : (ioooEi) = 3CH 

IfDA 20QQH ; This instruction will copy the contents of metnory 
location 20D0K ± .e, data 3QH into the A register 

9, SHLD addr This instruction stores the contents of L register m the memory 

location given within the instruction and contents of H register at 
address, next to it. This instruction is used to store the contents of 
H and L registers directly into the memory. Hie contents of the H 
and L registers remain unchanged- 

Operation : (addr) L and {addr +1) H 

Example t H * 30-fh I> ™ 60H 

SHLD 2 50 OH ; This instruct ion will copy the contents of L register 
at address 2 50 OH and the eon tents of H register at 
address 2501H. 

10„ LHLD addr This instruction copies the contents of the memory Location given 

within the instruction into the L register and the contents of the' 
newt memory location into the H register. 

Operation t L <— (addr)* H is— (addr + 1) 

Example : (2500H) - 30H, t2501£)=60H 

LHLD 2501011 ; This, instruction will copy the contents of memory 
location SSOOH i.a. data 3QH into the 1 register and 
the contents at memory location 25Q1H t.e, data 60H 
into the fl register. 

Copyrighted material 
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11, STAX rp 


Operation 

Example 

STAS B 


12. LDAX rp 


Operation 

Example 

LDAX D 


13. XCHG 

Operation 

Example 

XCHG 


This instruction copies the contents of accumulator into the 
memory location whose address is specified by the specified 
register pair. The rp b BC or DE register pair. This register pair is 
used as a memory pointer. The contents of the accumulator remain 
unchanged, 

i (*p) A 
I BC - 1O20B, A = 5OH 

; This instruction will, copy the contents of A register 
{SOH) to the jrejTsory location specified hy BC register 
pair ( 102OH) . 

This instruction copies the contents of memory location whose 
address is specified by the register pair into the accumulator- The 
rp is BC or DE register pair. The register pair- is used as a memory 
pointer, 

i A (rp) 

: DE = 203 ! O.H f {2Q3QKJ “ BOB 

This instruction will copy the contents of meftery 
location specified by DE register pair (BOH) into the 
accumulator. 

This instruction exchanges the contents of the register H wish that 
of D and of L with that of E, 

t H D and L ^ E 

> DE = 2040H, BL - 708DH 

i This in it ruction will load the data into tegi stars as 
follows H = 20H, L - 4&H, D - 1DH and E = 80 


3.4.2 Arithmetic Group 

1. ADD r This instruction adds the contents of the specified register to the 

contents of accumulator and stores result in the- accumulator. The 
r is B'bit general purpose register such as A, B, C, D, E. H and L, 


Tiqhl 


trial 


Operation 


: Ai-A + r 
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Example' 

ADD C 

2. ADD M 

Operation 

Example : 

ADD M 

3. ADI data (B) 

Operation 

Example 

ADI 70H 

4 ADC r 


Ope radon 
Example 


i A - 20 H, C - 3 OH. 

; This instruction will add the contents of C register, 
i.e, data 300 to the contents of accumulator, I.t P 
data 2DH and It will store the result 50H in the 

accumulator. 

This msfcmeiian adds the contents of the memory location pointed 
by HL register pair to the contents of accumulator and stores result 
in the accumulator. The Ht register pair is used as a memory 
pointer, This instruction, affects all flags. 

t A <— A + M 

A - 20ii, HL - 20500, C2050H3 - 100 

; This instruction will add the contents of Eemory 

location pointed by KL regiater pair,. 20500 i-e. data 
iOH to the contents of accumulator i.e. data 2OH and 
it will store the result, 3OH lit the accumulator. 

This instruction adds the 8 hit data given within the instruction to 
the contents of accumulator and stores the result in the 

accumulator. 

: A e- A + data (8) 

: A-50H 

; This instruction will add 7OH to the contents o£ the 

accumulator (5003 and it will store the result in the 
accumulator {CQH) . 

This instruction adds the centente of specified register to the 
contents of accumulator with cany. This means, if the carry flag is 
set by some previous operation, it adds 1 and the contents of tire 
specified register to the contents of accumulator, else it adds the 
contents of the specified register only, Hie r is B-feit general 
purpose register such as A, B, C, D, 1, H and L- 

: A <- A + r +, CY 

: carry flag - 1, A => 50H, c - 2SH 

t This instruction will add the contents of C (29H) 
register to the contents of accumulator i50R} with 
carry £11 and it will store result, 71H {50H + 200 + 1 
» 71HJ in the accumulator 


TIClN' 
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5. ADC M 

Operation 

Example 

ADC M 

6. ACI date (81 

Operation 

Exampta 

ACI 2CJH 

?, DAD rp 

Operation 

Exampta 

DAD D 

3. SUB r 


This ittspuction adds the contents of memory location pointed by 
HL register pair to the contents of accumulator with carry and 
stores toe result in. toe accumulator, HL register pair is used as a 
memory pointer. 

: A <— A + M + CY 

■ Carry flag - 1, HL-2050&, A-20H, (2S50H) - 30H. 

; This instruction will add the contents o£ memory 
location pointed by HL register pair, 2050H, i.e* date 
3ftH to the contents of accumulator, i.e* date 20 k with 
carry flag {1) . It will store the result (30+20+1=51E> 
in the accumulator. 

This instruction adds 8 bit date within the instruction to the 
contents of accumulator with carry and stores result in the 
accumulator, 

; A 4“ A * date (@> + CY 

: A - 3OH, Carry flag - 1 

; This instruction will add 20H to the contents of 
accumulator, i.e. data 3QH with carry £1) and stores 
the result, 31H (10 + 20 + 1 = 5lH> in the 

accumulator. 

This instruction adds the contents of the specified register pair to 
the contents of the HL register pair and stores the result in the HL 
register pair. The rp is 16-bit register pair such as SC, DE, HL or 
stack pointer. Only higher order register is to be specified for 
register pair within, toe instruction. 

; HL HL + rp 

: DE - 1020H, HL - 2050H 

; This instruction will add the contents, of DE register 
pair, 102OH to the contents of HL register pair, 
2Q5QH. If- will store the result, 3O70K in the HL 
register pair . 

This instruction subtracts the contents of the specified register from 
toe content^ of the accumulator and stores the result in the 
accumulator. The register r is 8-bit general purpose register such as 
A, B, C, D, E, H and L. 
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Operation : A t- A - r 
Example i a = 50h, b = 30n. 

SUB B ; This instructinn will subtract the contents of B 

register (30HJ from the contents of accumulator {5Qff) 
and stores the result (2OH) in the accumulator. 

9. SUB M This instruction subtracts the contents of the memory location 

pointed by HL register pair from die contents of accumulator and 
stores the result in the accumulator. The HL register pair is used as. 
a. memory pointer. 

Operation : A^-A-M 

Example ; HL * 1020H, A - SQH, (1020H> - 10H 

SUB M i This instruction will subtract, the contents of memory 

location pointed by HL register pair, l&ZOtij i»e» data 
1QH from the contents accumulator, i.e. data 5OH. and 
stores the result (4 OH) in accumulator , 

10. Sill dela {8) This instruction, subtracts an fl-bit data given within the instruction 

from the contents of the accumulator and stores the result in the 
accumulator, 

Operation ; A t— A - data (6) 

Example ; h - 4OH, 

SUI 2&H i TM.@ instruction will subtract 2 OH from the contents of 

accumulator (4OH) . It will store the result j2GH) in 

the accumulator, 

11. SBB r This instruction subtract the specified register contents and borrow 

flag from the accumulator contents. This means,, ii the cany flag 
(borrow for subtraction) is set by some previous operation, it 
subtracts 1 and the contents of the specified register Iran the 
contents of accumulator, else it subtracts the contents of the 
specified register only. The register r is 8-bit register such as A, i, 
C,D,|Hand L- 

Operatlon : A *- A - r - CY 
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Example 

SBB C 


i% SBB M 


Operation 

Example 

SBB M 


13. SB! data (S| 

Operation 

Example : 

SET 20H 


14 PAA 


: Carry flag - 1, C = 2GH, A = 4OH 

; This instruction will subtract the contents of C 
register (20KJ and carry flag {1) froati the contents of 
accumulator (4OH} .It Mill store the result (4OH - 3OH 
- 1 * IFH} in, the accumulator. 

This instruction subtracts the contents of memory location pointed 
by HL register pair from the contents of accumulator and borrow 
Hag and stores the result in the accumulator, 

: A *- A - M - CY 

: Carry flag = 1, HL = 2 05 OH, A = 50E, {2050H} - 10H. 

; This instruction will subtract the contents of memory 
location; pointed by HL register pair, 2050H f i,e, data 
1,QH and borrow (Carry flag ™ 1) from the contents of 
accumulator (SDH] and stores the result 3FH in the 
accumulator (50 - 10 “ 1 «■ 3F) . 

This instruction subtracts 8 bit data given within die instruction 
and borrow flag from die contents of accumulator and stores the 
result m lie accufiiulatof- 

\ A 4- A - data(B) - CY 
Carry flag = 1, A = 50H 

; This instruction will subtract 2OH and the carry flag 
(1) from the contents of the accumulator (50H). It 
will store the result (BOH - 2m - 1 - 2FHJ in the 
accumulator. 

This instnjdion adjusts accumulator to packed BCD (Binary Coded 
Decimal) after' adding two BCD numbers. 

Instruction works as follows : 

1, If the value of the low-order tour bits (D a -D 0 ) in the 
accumulator is greater ban 9 or if auxiliary carry flag is set. the 
instruction adds 6 (06) to She low-order few bite. 

% If Hie value of the high-order four bite (D 7 *D 4 ) in the 
accumulator is greater than 9 or if carry flag is set, the instruction 
adds 6(60) to die high-order four bits. 
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Example : 

If, h - 00II 1001 • 39 BCD 

and C - 0001 0010 * 12 BCD then 

ADD C ; Gi + $es A - 01DD 1011 = 4BH 

DM ; adds 0110 because 1Q-11>9* 

i A= 0101 0001 = 51 BCD 
If A = 1001 0110 = 9£ BCD 

and P - 0000 Dill - 07 BCD then 

ADD D ; Gives A = 1001 1101 = 9DH 

DAA ; adds QUO because HOI > 9, 

h - LQ1Q 0011 - A3H, 

1010 > 9 so adds 0110 0000, 

A = 0000 0011 = 03 BCD, €F = 1, 

15. INR r This instruction increments the contents of specified register by 1. 

The result is stored in 'the same register. The register r is S-bit 
general purpose register such as A, B, C, D, E, H and L 

Operation : rt-r + 1 

Example : b = ioh 

!NR 8 i This instruction will increment the contents of B 

register (IOH> by one and stores the result (10 + 1 “ 
11K) in the seme i,e, B register. 

16. INR M This, instruction increments the contents of memory location 

pointed by HL register pair by 1. The result is stored at the same 
memory location- The HL register pair is used as a memory 
pointer. 

Operation : M <- M + 1 

Example : KL ■ 2D5GH., (2050HJ-30H 

I HR M s This instruction will increment the contents of sreenory 

location, pointed by HL register pa,icj 2050H, i,e, data 
3QH by one. It will store the result (30 +- 1 - 3lH> at 
the same place, 

17. I NX ip This instruction mrwmente the contents of register pair by one. The 

result is stored in the same register pair. The rp is register pair 
such as PC, DE, HL or stack pointer (SP). 

Ope ration : rp +— rp + 1 
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Example ; KL - 1QFFH 


INX H 


18r DCR r 


Operation 


This instruction will increment the contents of HL 
register pair (10FFW) by one t It will store, the result 
(1GFF 4 1=1 HJQH} in the sanie i . e » HL register pai r . 

This instruction decrements the contents of the specified register by 
one. It stores the result in the same register. The register r is 84>:t 
general purpose register such as A, B, C r D, E, H and L 

n-r-1 


Example : e = 2 oh 


dcr E 


19. DCR M 


Operation 


This instruction will decrement the contents of E 
register (2 OH) fay one. It will store the result {20 - 
1 = lFHl in the same, i,e. E register. 

This instruction decrements the contents of memory location 
pointed by HL register pah by 1- The HL register pair is used as a 
memory pointer. The result is stored in the same memory location. 

Mt-M'l 


Example : hl = 205Gh, (20S0hj = 2in 


DCR M 


29. DCX rp 


Operation 


This instruction will decrescent the contents of memory 
location pointed by HL register pair, 2Q50K, i.e. data 
21H fay one. It will store the result (21 - 1 = 20H) in 
the same memory location. 

This instruction decrements the contents of register pair by one. 
The result it stored in the same register pair. The rp Is register pair 
such as BC DE, HL or stack pointer {SP), Only higher order 
register is to be specified within the instruction. 

ip *— rp — 1 


Example : DE - 1020H 

DCX D ; This instruction will decrement the contents of DE 

register pair 1102 OH) by one and store the result 
El020 - 1 - 101FH) In the sane, DE register pair. 
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3,4.3 Logic Group 

L ANA r This instruction logically AMDs, the contents of the specified 

register with the contents of accumulator and stores the result in 
the accumulator. Each bit in the accumulator is logically AhiDed 
with the corresponding bit in register r, Le, D f[ . bit in A with Dq bit 
in register r, Dj in A with Dj in r and so on up to' D? bit The 
register r is B-bit general purpose register such as A, B, C D, E, H 
and L 

Operation : A ■*- A a t 

Example : A-10101010 (AAfi), B - 00001111 tDFH) 

ANA B ; This instruction will logically AND the contents of B 
1010 1010 register with the contents of accumulator. It will 

0000 1111 stare the result {OAH) in the accumulator. 

00 0 0 101 0 = 0AH 

2. ANA M This instruction logically ANDs the contents of memory location 

pointed by HL register pair wife the contents of accumulator. The 
result Is stored in the accumulator. The HL register pair is used as 
a memory pointer. 

Operation : At— AaM 

Example : a = 01010101 = (55n), hl = 2.050H -+ 10110011 - 

fB3H) 

ANA M ; This instruction will logically AND the contents of 

0101 0 10 1 memory location pointed by HL register pair (B3H5 with 
1011 0 01 1 the contents of sccymalator (55H )1 It win store the 

"" .. . .- result (11H) in the aeccumilator 

0 0 01 0 0 0 1 « 11H 

3. AN! data This instruction logically AMDs toe 8 bit date, given in. toe 

instruction with toe contents of toe accumulator and store® toe 
result in toe accumulator. 

Operation : At Aa data (8) 

Example : A= 1011 0011 ■*= (B3H| 
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ANI 3PH ; This instruction will logically AND the contents of 
1011 0011 accumulator (B3H} with 3FH. It will store the result 

00 1 1 1111 (33HJ in, the accumulator* 


0 0 1 1 0 0 1 1 = S3H 

The AND operation dears bits of a binary number. The task of clearing a bit in a 
binary number is tailed masking. The Fig, 3.1 shows the process of masking. 



X X X X XX :xx 
• 1111 0003 



Unknown 8*brt toinauy number 
Masking pattern 

Remjii 

- Masked bite 


Fig. 3.1 Masking using AND operation 


4. XRA r 


Operation 

Example 

XRA C 

1010 

0010 


This instruction logically XORn die contents of the specified register 
with the contents of aectimidatar and stoves the result in the 
accumulator. The register r is 8-bit general purpose register such as 
A, B, C T>, E, H and L- 
Af- A© r 

a - loio me (aah) p c - ooio uoi izm j 

This instruction will logically XOH the contents of C 


1010 register with the contents of accumulator. 
1 1 0 1 store the result (87H) in the accumulator. 


It will 


1000 0111 = (87H) 


5 + XRA M 


Operation 

Example 


This instruction logically XQRs the contents of memory location 
pointed by ML register pair with the contents of accumulator. The 
HL register pair is used as a memory pointer, 

A *- A © U 

A = 0101 0101 = (5£H) f HI = 20S0H (205011) -* 1011 0011 
- (B3H) 


XRA. n 

01 o 1 0 10 1 
10 I 1 0 011 


This instruction will logically XOR the contents of 
memory location pointed by HL register pair (205OH} 
i.e. data B3H with the contents of accumulator t55H)* 
It will store the result <E6H) in the accumulator. 


avnqhte 


ih 


-rial 


1110 0 110 = E6H 




@015 Instruction Set and ALP 


Microprocessor & Wteroconirollor System 3 ■ 20 

i. XRI da|a This instruction logically XORs the 8 bit data given in the 

instruction with the contents of the accumulator and stores the 
result in the accumulator. 


Operation ; 

A f- A © data 



Example : 

A = 10110011 ■= {B3B) 



XRI 

3 3H ; 

This instruction will 

logically xor 

the contents of 

1011 

0 011 

accumulate: (B3H) with 

39K, It will 

stone the result 

0 0 11 

100 1 

IBM) In the accumulator * 



100 0 

10 10 = 

8AH 




The XGR instruction is used if some hits ol a register or memory location must be 
inverted. This instruction, allows pari of a number to be inverted or complemented. This is 
illustrated in Fig, 3-2, 



X X X X X X X X 
© 0 0 0 0 1111 


xxxx xxxx 


Unknown 8-bll binary number 
Pattern to inverting lower 4-tjife. 


Result 


Inverted bib 


Fig, 3,2 Inversion of part of a number using XOR operation 

7. ORA r This, instruction logically ORs the contents of specified register with 

the contents of Accumulator m d stores the result m the 
accumulator. Each bit in the accumulator is ORed with 
corresponding bit in roister r. i.e. Dq bit in accumulator is ORed 
with O rj bit in register r, Dj in A with Dj In r and so on up to Dy 
bit. The register r is 8-bit general purpose register such as A, B, C, 
D, E„ H and L. 

Operation : A <— A v r 

&tantple : a = 1D1Q 1010 (AAHL B*0001 0010 il2H) 

ora B j This instruction will logically OR. the content* of B 

1010 10 10 register with the contents of accuBMlator, It will 

0 0 0 1 0 0 1 0 store the result CBM) in the accumulator, 

1011 1010=BAH 
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8. ORA M 


Operation 

Example 


This- instruction logically ORs ttie contents of memory location 
pointed by HL register pair with the contents of accumulator. The 
result is stored in the accumulator. The HL register pair is used as 
a memory pointer. 

A *- A v M 

A = Ol-OT 0101= (SSH) RL-2050K 
(2Q50R) ->10110011= £B3H) 


OBA M / This instruction will logically OR the contents o£ 

0101 0101 mamory location pointed by HL register pair (BlH> with 

10 11 0 011 the contents of accumulator (55BJ . It will store the 

—- — - result fF7H> in the accumulator. 


1111 D 1 11 = F7H 

9. ORI data This instruction logically OKs the 8 bit data given in the instruction 

with tiie contents of the accumulator and stores the result in the 
accumulator- 


operation 


A v data {S) 


Example : A • 1011 0011 - (B3H) 


ORI 0BH t This instruction will logically Oft 

iDll 0011 accumulator (B3K) with 08H, it will 

(BSH3 in the accumulator. 

0000 1000 

1011 1011 = BBH 


the contents cf 
store the result 


The OR instruction is used to set {make one) any bit in the binary number. This is 
illustrated in Fig. 3,3. 



X X X X 

+ 1111 



X X x x 
H00 
X X X X 
— Set bits 


Unknown B-bit binary number 
Setting pattern 
Result 


Flfl T 3.3 Setting bW* using OR operation 

10. CMP f This tettuctiwi subtracts the contents of the specified register from 

contents of the accumulator and sets the condition flags as a result 
of ti\e subtraction. If sets zero flag if A = r and sets cany flag if 
A < r. The register r is 8-bit general purpose register such as A, &, 
C DJ,HmdL 

Operation : A - r 
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" 

Example : A - 1011 100 O (&&H> and D - 1011 1001 (B9H) 

CMP D ; This instruction will compare the contents of D 

register with the contents of accumulator* Here A < 0 
so carry flag will set after the execution of the 
Instruction. 

11. CMP M This instnieiion subtracts the contents of die memory location, 

specified by !TL register pair from the contents of the accumulator 
and sets the condition flap as a result of subtraction- It sets aero 
flag if A - M and sets cany flag if A < M. The ML register pair is 
used as a memory pointer. 

Operation : A - M 

Example i A - 1011 LOGO [B8HJ, hl = 2DS&H and (£050 h) = 1011 

1-000 (BSH} 

CMP M j This instruction will compare the contents of memory 

location ^B8h) and the contents of accumulator* Here A 
“ H sc zero flag will set after the execution of the 
instruction, 

12. CPI data Hus instruction subtracts the 8 bit data given, in the instruction 

from the contents of the accumulator and sets the condition flags 
as a result of subtraction. It sets zero flag if A = data and sets 
catty flag if A < data. 

Operation : A - data (8) 

Example : A* 1011 1010 - l&Mt) 

CPI 3OH ; This instruction will compare 30H with the contents of 

accumulator (BAH) , Here A > data so zero and carry 
both flags will reset after the execution of the 
instruction. 

11- STC This instruction sets carry flag = 1 

Operation : CY t— 1 

■Example : Carry flag - 0 

i This instruction will Set the carry flag = 1 
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14. CMC 

This instruction complements the carry flag. 


Operation 

; CY <- CY 


Example 

i Carry flag ™ 1 


CMC 

i This instruction will complement the 
carry flag = 0 

carry flag i„e. 

IS. CiflA 

This instruction complements each bit of the accumulator, 

Operation 

I A <- A 


Example 

: A = 100 0 10 00 “ 8 0 H 


CMA 

j This instruction will complement 
accumulator A m OilI 0111 - 17H 

each bit of 


34,4 Rotate Group 

1, RLC This instruction, rotates the contents of the accumulator left by one 

position, Bit Eh is placed in Bg, as well as in CY„ 

Operation : 


cy 


K 

E 

b 5 

T] 

03 

Bj 

E 

3 


Before Execution 



0 

3 


Ba 

@2 

01 

Bfl 

3 


After Execution 


Example 

RLC 


2 * me 


k - 0101Dill C57H) and CY • 1 

After execution of the instruction the accumulator 
contents will be (1010 1110] AEH and carry flag will 
reset. 

This instruction rotates the contents or the accumulator right by 
one position. Bit Eg is placed In By as well as in CY 
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Operation : 


Before Exe-euticm 



Example : a- icoi 1010 (9AH} ardCY * 1 

RRC ; After execution of the instruction the accumulator 

contents will he {0100 1101) 4OH and carry flag will 

res e t- 

3. RAL This instruction rotates the contents of the accumulator left by one 

position. Bit By is placed in CY and CY is placed In B^, 

Operation : 


Before EiECUlJon 



Examplo ; a - 10101101 {ADH) and CY = 0 

RAL ; After execution of the instruction aocunrulator contents 

Will be (0101 1010) SAH and carry flag will set. 

This instruction rotates foe contents of foe accumulator right by 
one position. Bit B 0 is placed in CY and CY is placed in B ? . 



4. FEAR 
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Operation 


Sefeni E**<LjiE0fi 


Example 



: a = mo oo n (wh) and cv - o 


RAR 


After execution of the instruction accumulator contents 
will be (0101 0001) bill and carry flag will set. 


3,4,5 Stack Operations 

The stack is a portion of read/write memory set aside by the user lor the purpose of 
storing information temporarily. When the information is written on the stack, the 
operation is called PUSH. When Ihe information is read from stack, the operation is called 
POP. 


The microprocessor stones the information*, much like stacking plates. Using this 
analogy of stacking plates It is easy to illustrate the stack operation. 

Fig. 3.4 shows the stacked plates. Here,, we realize that if it 
is desired to lake out the first stacked plate we will have lo 
remove all plates above the first plate in the reverse order, This 
means that to remove first plate we will have to remove the 
third plate, then the second plate and finally the flr&t plate. 
This means that, the first information pushed on to the stack is 
the last information popped off from the stack. This type of 
operation is known as a first in, last out (FILO). This stack is 
implemented with the help Of special memory pointer register- The Special pointer register 
is called the stack pointer. During FU5H and POP operation, stack pointer register gives 
the address of memory where the information is to be stored or to be read, The stack 
pointer's contents are automatically manipulated to point to stack top. The memory 
location currently pointed by stack pointer is called lop of stack- 



3 

2 

1 


Fig, 3.4 Stacked plates 


1. PUSH rp This instruction decrements stack pointer by one and copies the 

higher byte of the register pair into the memory location pointed 
by stack pointer It then decrements the stack pointer again by one 
and copies the lower byte of the register pair into the memory 
location pointed by stack pointer. The ip is 16-bit register pair such 
as HC, DE, HI,. Only higher order register is to be specified within 
the instruction. 
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Operation : SP 4- SP - l r (SP) t- rpH, SP t- SP - lx (SP) *- rpL. 





fa} Initial position 


(b) Decrements SP & 
stores higher byte 


(c) Decrements SP & 
stores lower byte 


Fig, 3,5 Steps invoked in PUSH Operation 


Example ; SP = 20OOH, DE = 1.050H* 

PQEE D ; This instruction will decrement the stack pointer 

(200OH) by one (SP = 1FFFH) and copies the contents 
of D register (lthH) into the memory location IFETTH l It 
then decrements the gt&tk pointer again by one (SP = 
1FFEH) and. copies the contents of E register (50H) 
into the memory location 1FFEH . 

Before Execution After Execution 



1FFEH 50 


1FFFH 10 


2Q0DH 


2 . PUSH PSW This instruction decrements stack pointer by one and copies the 

accumulator contents into the memory location pointed by stack 
pointer, It then decrements the stack pointer again by one and 
copies the flag register into the memory location pointed by the 
stack pointer. 

Operation : SP +- SP - 1 

($F) 4- A 

SF ^ SP - 1 

(SP) 4- Flag register 
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Example 


: SP « 20QQH, A- 2QH, flag register « SOU 


PUSH fSw | This instruction decrements the stack pointer (sf = 
300OH) toy one (SP * 1FFFH) end copies the contents of 
the accumulator (2 OH) into the. memory location 1ETFH. 
It then decrements the stack pointer again by one (SP 
- IFTTStt) and copies the contents of the flag register 
{BOH ) into the memory location 1FFEH. 


Before Execution 


After Execution 



1RREH 

1FFFH 

2QDQH 


PUSH RSW 



1FFE 

20 

D 

SO ; 


1FFEH 0G 


1FFFH 2® 


2QD0H 


3* POP HP TKEs instruction copies the contents of memory location pointed by 

the stack pointer into the lower byte of the specified register pair 
and increments the stack pointer by one. It then copies the contents 
of memory location pointed by stack pointer into the higher byte of 
the Specified register pair and increments the Stack pointer again 
by one, The tp is 14-bit register pair such as BC, DE, HL. Only 
higher order register is to be specified within the instruction, 


Operation : rpL e- (SP} 


SP +=SP + 1 

rpH <- (SP), SP ^ SP + 1 







Lower byts 


Lower byte 


Lower byta 

Higher byte 

SP — 

Higher byte 


Higher byta 




SP — 



{aj initial position, (b) Increments SP and (c) Increments SP 

mads lower byte reads higher byte 

Fig. 3.G Steps Involved in POP Operation 

Example t SP = 20POH, (20 GOB) = 30H, (20O1H) = SOB 

POP 8 ; This instruction will copy the content? of mentory 

location pointed by stack pointer, 2QDCH (i.e. data 
30f0 into the C register. It will then increment the 
stack pointer by one, 200IK and will copy the contents 
o£ memory location pointed toy stack pointer, 2D01H 








(i.g, data 5 OH} into B register, and increment the 
stack pointer again by one. 


Before Execution After Execution 



4. POP PSW Thjs instruction copies the contents of memory location pointed by 

the stack pointer info the Hag register and increments the stack 
pointer by one. If then copies the contents of memory location 
pointed by stack pointer into the accumulator and increments the 
stack pointer again by one. 

Operation : Flag register *=■ (SP) 

SP <- SP + 1 
A ♦-= (SP) 

SP «- SP + 1 

Example : SP-2flQWh (ZOOtJH) • 30H, (J001BJ 

POP P55tf ; This instruction wail copy the contents of memory 
location pointed by the stack pointer,, 2000H <i .e. data 
3OH} into the flag register. It will then increment 
the stack pointer by one, 20dlH and will copy the 
contents of memory location pointed by stack pointer 
into the accumulator and increment the stack pointer 
again tay one. 


Before Execution After Execution 



This instruction copies the contents of HL register pair into the 
stack pointer. The contents of H register are copied to higher order 
byte of stack pointer and contents of L register are copied to the 
lower byte of stack painter. 
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Operation t $P*=HL 

Example : hl = 2500e 

S$“HL ; This instruction will copy 25{10H into stack pointer- So 

after execution of instruction stack pointer contents 
will be 2500H, 

6- 3CTHL This irntmeiaon exchanges the contents of memory location pointed 

by the stack pointer with the contents of L register and the 
contents of the next memory location with the contents of H 
register. This instruct on does not modify stack pointer contents. 

Operation : L *-> (SP> 

H <-» (SP + 1) 

Example : HL = 304QH and 5F = 270GH, E2700H.) = 50H.„ £2?01H5 = 

60H 

XTHL This instruction will exchange the contents, of _L 

register (4CH) with the contents of memory location 
27C0H (i.e. SQH,j and the Contents of H register (3DH) 

with the contents of memory location 2701H (i. e, 60Hji, 

Before Execution After Execution 



3.4.6 Branch Group 

1* JMP addr This Instruction leads the PC with the address given within the 

instruction and resumes th ’ program execution from this location. 


Operation : PC t— addr 
Example : 

JWP 20008 ; This instruction will load PC with 2000H and processor 

will fetch next instruction from this address, 

2. Jcond addr This instruction causes a jump to an address given in the 

instruction if the desired condition occurs in the program before 
the execution of the instruction- The Table- 3.3 shows the possible 
conditions for jumps. 
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Example 

JC 20 C 0 H 

3, CALL addr 


Note 

Operation 


Example 


Instruction code 

Description 

Condition for Jump 

JC 

Jump on canty 

CY * 1 

JNC 

Jump on not cany 

CY * 0 

JP 

Jump cm positive 

S * Q 

JM 

Jump on minus 

s - t ! 

JPE 

Jump on partly even 

P - 1 

JPO 

Jump on parity odd 

P ■ 0 

JZ 

Jump on zero 

Z = 1 

JMZ 

Jump on no! zero 

Z * Q 


Table 3J Conditional jumps 


: Carry flag ■ 1 

i This instruction will cause a jump to an address 2OO0H 
1, a, program counter will load with 20G0H since CF =1. 

A subroutine is a group of instructions, performs a particular 
Subtask which is executed number of times. It is written separately. 
The microprocessor executes this subroutine by transferring 
program control to the subroutine program, After completion of 
subroutine program execution, the program control is returned 
back to the main program, 

The CALL instruction is used to transfer program control to a 
subprogram or subroutine This instruction pushes the current PC 
contents onto the stack .and loads the given address into the PC 
Thus die program control is transferred to the address given in tine 
instruction. Stack pointer is decremented by two. 

When the subroutine is Called, the program control is transferred 
from calling program to the subroutine. After execution of 
subroutine it is necessary to transfer program control bads to the 
calling program. To do this processor must remember the address 
of the instruction next to the CALL instruction. Processor saves this 
address on die stack when the CALL instruction is executed. 

: The stack is a part of read/write memory set aside for storing 
intermediate results and addresses* 

: (SP - 1) <- FC h 

(SF-2}<-PC l 
SF 4 - SP - 2 
PC <- addr 

: Stack pointer » 3d Qfrti* 
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60DDH CALL 2 00OH ; This instruction will store the eddress of 

instruction next to CALL (i»e« 6003U) on the 
stack and load PC 

6003H —- with 200OH. 

More Execution After Execution 



3000 


GOOD 


4, C coni addr 


2FFEB 

2FFFH 

3000H 


CALL 20WH 



2FFE 


2000 


2 FFEH 03 


2FFFH £0 


3 GC 0 H 


This instruction calls the subroutine at the given address if a 
sperified condition is satisfied- Before tail it stores the address of 
imtradion next to the call on the stack and decrements stack 
pointer by two. The Table 3-4 shows the possible conditions for 
calls. 


irntmetrerf coda 

Description 

Condition for CALL 

GG 

Call on carry 

CY m i 

CMC 

Call on net carry 

CY *0 

CP 

Call an positive 

a * 0 

CM 

Call on minus 

a = i 

CPE 

Call on parity even 

p = i 

CFO 

Call on partly odd 

P = 0 

cz 

Call on Eero 

Z = 1 

ctaz 

Call on net. zero 

2*0 


Table 3,4 Conditional calls 


Operation ; If condition true (5P - 1) «- FCH 

(SP - 1 ) <- PCL 
PC addr 
else PC t- PC ■+ 3 


Example 3 carry flag « l, a tack pcintec— 400 QH + 


2 000H cc 3000H ; Thi.r instruction will store the address of the next 

instruction i.e. 2003H on the stack and load, the 
program counter with 300011, since the carry flag 
£ s set, 

5* RET This totruction pops the return addr (address of the instruction 

next to CALL in the main program) from the stack and loads 
program counter with this return address. Thus transfers program 
control to the instruction next to CALL In the main program. 
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Operation 


Example 


: PC L (SP) 

PC H <- (SF+1) 

SP <- SP + 2 

: If SP = 27EDH and contents on the stack are as shown then 

SP -» 27FD 
27F£ 

27FF 


00 


62 


RET ; "Phis instruction will load PC with 620 CH and it will 

tranaferprogram. control to the address 620 OH, it will 
also increment the stack pointer by two. 


Before E secy lion 


After Execution 


SP 


PC 



27FDH 

27FEH 

27FFH 


00 


62 


RET 


SP 

27FF 

PC 

6200 


27FDH 00 


27FEH 62 


27FFB 


6L R condition This instruction returns the control to the main program if the 

Specified condition is satisfied. Table 3.5 shows the possible 
conditions for return. 


Instruction code 

Description 

Condition for RET i 

RC 

Return on carry 

■*- 

ii 

S 

RNC 

Return on nul cany 

9 

in 

o 

RP 

Relum on positive 


RU 

Return on minus 

3 - 1 

RPC 

Relum on parity even 

p - 1 

RPO 

Return on partly odd 

P-0 

RZ 

Relum on »ro 

Z- 1 

RNZ 

Relum on not zero 

Z^D 


Table 3.5 Conditions for return 


This instruction loads the contents of HL register pair into the 
program counter. Thus the program control is transferred to the 
location whose address is in HL register pair. 

; PC <—HL 


7. PCHL 


Operation 


Example ; KL«6Da0H 

FCHL J This instruction Will load 60 G 0 H into the program 

counter 
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8. RST n This instruction transfers the program control to the specific 

memory address as shown in Table 3.6. This instruction is like a 
fixed address CALL instruction. These fixed addresses are also 
referred to as vector addresses. The processor multiplies the RST 
number by 8 to calculate these vector addresses. Before transferring 
the program control to the instruction Following the vector address 
RST instruction saves the current program counter contents on the 
stack like CALL instruction 



Table 3.G Vector addresses for return instructions 
Operation : (SP - i) <- PC H 

(SP-2)^PC l 

SP^SP-2, pc^(nx8)inhex 
Example : SF - 30Q0H 

2000H RST 6; This instruction, will save the current contents of the 
program counter (i.e. address of next instruction 
2001HJ on the stack and it will load the program 
counter with vector address £ x 8- 38^, - 30H* 0030H P 

3-4.7 Input/Output 

-L IN addrfB-brt} This instruction copies the data at the pent whose address is 

specified in the instruction into the accumulator. 

Operation : A *- (addr) 

Example : Port address = 60H, data Stored at port address BOR/ 

{B0H> = 1QH 

IN &0H ; This instruction will copy the data stored at address 

SOU, i.e. data 1 OH in the accumulator+ 

2 . OUT addrfB-bit) This in.stnjcticm sends the contents of accumulator to the output 

port whose address is specified within the infib-ucticm. 



I J 
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Operation ; (ad-dr) «- A 

Example : A - 30J-I 

OUT 1 SOH ; TMs instruction will sand. the contents of 

accumulatorf^lClH) to the output port whose address is 
5 OH. 

3*4*8 Machine Control Group 

1. Ei This instruction sets due interrupt enable flip flop to enable 

interrupts. When the microprocessor is reset or after interrupt 
acknowledge, the interrupt enable flip-flop is reset This instruction 
is used to reenable the interrupts. 

Operation ■ H (F/F) t- 3 

2 . Di 1 This instruction resets the interrupt enable flip-flop to disable 

interrupts. This instruction d is ables all interrupts except TRAP 
since TRAP is non-maskable interrupt (cannot be d i sabled. It is 
always enabled). 

Operation : IE (F/F) t- 0 

3, NOP No operation is performed, 

4, HLT This instruction, halts the processor. It can be restarted by a valid 

interrupt or by applying a RESET signal. 

3, SIM This instruction masks the interrupts as desired. It also sends out 

serial data through the SOD pin. For this instruction command byte 
must be loaded in the accumulator. 
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Example : ;i}A*0EH 


°7 

Da 

% 

d 4 

d 3 

d 2 

Di 

% 


SOP 

SOI 

X 

RST7.5 

MSE 

M7,5 

M6.5 

MS,5 

Register A 

0 

0 

o 

D 

1 

i 

1 

o 

-1 OEH 


SIM ; This instruction will mask H$¥ 7.5 and RST 6.5 

interrupts where 33 RST 5.5 interrupt will .be unmasked, 
2t will also disable serial output. 


6- RIM This- instruction copies the status of the interrupts into the 

accumulator. It also reads die serial data through the SID pin. 


0 7 

d 6 

D | 


D s. 

*2 

D| 

P s 

SID 

1 7.S 

165 

1 55 

IE 

■VI 7.5 

M6.5 

M 5,5 


Serial Input data —— 
Set It R.ST 7,S is pending 


C 


Set if RST 5.5 is ;mas*:eii 
Sel IF RST 6 5 is rrit&ud 


Set It RST a.5 19 pending- 

Set if RST 5 . 5 is pending-- 

Set if interrupt enable flip-flop it set- 


Set if RST 7.5 l 9 muted 


Example 


RIM ; After execution of RIM instruction if the contents of 

accumulator are 4&H then we get following information, 


d 7 

D S 

d 5 

- , d 4 

Dg 

Pa 

-1 

Do 



SID 

17.5 

t 6,5 

1 5 5 

IE 

MTS 

M6.5 

M5.5 


Register A 

0 

1 

0 

Q 

1 

6 

1 

t 

ii 

4BH 


i.e. a) RST 7.5 is pending 

b) RST 55 and EST 65 are masked 

c) Interrupt Enable flip-flop is set 

d) Serial i/p data is zero. 

3.5 Addressing Modes 

Fftft of the programming flexibility for each micrtrprocessor is the number and 
different kind of ways the programmer can refer to data stored in the memory. The 
different ways that a mlcroprecessw can access date are referred to as addressing modes. 
The 8085 has 5 addressing modes. These are : 

1. Immediate Z Register 

3. Direct 4. Indirect 

5. Implied 
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1. Immediate Addressing Mode : 

In an immediate addressing mode,, 8 <a 16 bit data can be specified as a part of 
instruction., In 8GHS5, the instructions having *1' letter fall tinder this category. 'I' indicates 
immediate addressing mode. 

Example i 

UV l A, 208- t Moves B-bit immediate data (20HJ into 

; accumulator 

HVI M, 30 H ; Moves B-bit immediate data {3QEiJ into the 

; memory location pointed by HL register pair. 

LX I $?, ?700H ; Moves 16-bit immediate data (2700 Ei) into £F. 

LXl 6, 10FPR 7 Moves 16-bit immediate data (iOFFH) into DE 

i register pair ( D - 10H and £ « FFH> . 

2 , Register Addressing Mode : 

The register addressing mode specifies the source operand, destination operand, or 
both to be contained in an 8085 registers- This results in faster execution, since Lt is not 
necessary to access memory locations for operands. 

Example * 

MOV A, B ; Moves the contents of register B into the 
i accumulator * 

3PHL ; Moves the content a of HI* register pair into 

l atack pointer, 

ADD C } Adda the contents of register G into the 

i contents of accumulator and stores result in 
i the accumulator, 

3, Direct Addressing Mods : 

The direct addressing mode specifies the 16 hit address of the operand within the 
instruction itself. The second and third bytes of instruction contain this 16 bit address. 

Example ; 

LBR 20BDH j Loads the EHbit contents of memory location 
; £000H into the accumulator. 

SHLD SODOH j Stores the H.L register pair into two consecutive 
i memory locations. Lower byte i.e, the contents 
J of L register into memory location 3DD0H and 
i higher byte i.e, the contents of N register into 
; memory location 3QQ1H, 

4. Indirect Addressing Mode : 

In indirect addressing mode, the memory address where tine operand located is 
specified by the contents of a register pair. 

Example t 

LQAX B } Loads the accumulator with the contents of 

i memory location pointed by BC register pair, 
j stores the contents of accumulator into the 
; memory location pointed by HL register pair. 


MOV M, A 
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5. Implied Addressing Mode : 

In implied addressing mode, opcode specifies the address of the operands. 

Example : 

CMA ; Complement a contents of accumulator. 

RAL ; Rotates the contents of accumulator left through 

; carry, 

Nota : Many Of the advanced processors support addressing mode called Index 

addressing made. In this mode., the address of the operand within the memory is 
generated by adding the dffset/displacemcnt to the register specified in the instruction. 
The offset/displacement is also a part’ of the instruction., .In SOBS such addressing mode is 
not available. However, we can implement such kind of program structure, by using 
memory pointer (HL register),, any other register pair and a instruction sequence given 
below ; 

LXI Hj, Ba.se_3.ddr ; Loads the base address 

LX I B, Offsat/Displacement ; loads the offset or displacement 

DAD B ; Gives the addition of HL and BC 

; in ML register pair, 

MOV A, M ; Load the data fro® memory in the 

r accumulator 

By incrementing or decrementing contents o( BC register or loading another contents, 
we can change the index/offiset/dis,placement 


3.6 [n&tmctiQn Set Summary 


Data Transfer Group 

Sr 

«o. 

Instruction 

Operation 

Flags 

affected 

No, of 
Byte* 

Addressing mods 

i. 

M VI r r data (B) 

r e- data(Sl 

Ma 

2 

immediate 

2. 

MVI M, data m 

(HL) +- data (8) 

m 

t 

Immediate and Indirect 

3, 

MOV rd r ra 

rd ra 

m 

\ 

Register 

4. 

MOV M, ra 


Ma 

1 

Indlnct 

s. 

MOV rd. M 

rd 4- (HL) 

Mo 

1 

Indirect 

e. 

LXI rp, data (IS) 

rp ^data (18) 

Mo 

3 

Immediate 

7. 

STA addr 

(addr) *- A 

No 

3 

Direct 

6, 

IDA addr 

A 4™ (addr) 

No 

3 

Dfcsd 

9. 

SHLD addr 

(addr) t- L 

No 

3 

Dine^: 



(addr + 1) €- H 
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3 



indirect 

Indirect 


Arithmetic Group 



ADO r 
ADD M 
API date(S) 
ADC r 
ADC M 
ACI data (8) 
DAD np 
Sub r 

9. Sub M 

10. SUI data m 

11 . ! 5 BB f 

12. SBB M 
13 SBI date 

14. DM 

15. . MR r 

IB INR U 

17 . IN^ rp 


A 4- A + r 
A t-A + {HI) 

A +-A + date (B) 

A A + r + CY 
A(-A + (HUj + GY 
A 4- A + data(8) + CY 
HL HI, + rp 
A 4— A - r 
At'A - (HL) 

A A - date (B) 

A 4- A - f - CY 
A 4= A - (HL) - CY 
A 4— A - date(B) - CY 
A(BC P) (— A(Bmary) 
r <- r + 1 
(HL) 4- (HL) + 1 
rp 4- rp * 1 
r 4- r - i 
(HL) (HL) - 1 
rp 4= rp - 1 


Flap affected 


All 

AH 

Al 

Al 

AH 

All 

CY 

All 

All 

AH 

All 

All 

AM 

M 

S, 2, P, A, C 
S, Z, P, A, C 
Ho 

£ Z 
S, Z, P. A, C 

No 


No. of 
Bytes 



Add raising 
mod* 


Register Indirect 
Immediate 








Register Indirect 
Immediate 



Register 


11L- 


Register 

Register 

Register locBraet 
Register 
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Logic Group 


ANA r 
ANA M 
AN| 

XRA t 
XRA M 
mi dais (8) 
ORA r 
ORA M 
S. OR! date {0} 
tO. CM? f 

11, CMP M 

12. CPI data (8) 


A «-A 3? r 
A *- A ® (HU 
A 4- A © data (8} 
A ■*— A v r 
Af-Av {HL) 

A *- A v dele {8} 
A - t 
A - (HL) 

A - data (8) 
GY *-1 
CY «-CY 


AIL CY ■ 0 AC = 1 
AIL CY - 0 AC ■ 1 
All. CY - 0 AC ■ 1 
All, CY = 0 AG - 0 
AIL CY - 0 AC ■ 0 
AIL CY - 0 AC - 0 
All. CY = 0 AG = 0 
AIL CY - § AC ■ O 
All, CY * 0 AC - 0 
All 
AH 
All 
CY 
CY 







Register 

Register Indeed 


Register 

Register Indeed 
Immediate 



Rotate Group 




1 


Instruction 

Operation 

Flag* 

effected 

No. Of 
Bytes 

RiC 

Bj + ^ +- B], Bg += By CY <- By 

CY 

1 

RRC 

Bj ■,vj Bjj, By *— Bg GY 4— ,Pgi 

CY 

1 

RAL 

Bj # 1 *— Bj, Bg CY CY *- By 

CY 

1 

RAR 

Bj <\ Bj. By +- CY CY <— Bp 

GY 

1 


Branch Group 


Sr. Instruction 
no. 


1. JMP eddi 

I 

J cortd addr 
PCHL 




Flags 

affected 


PC 4 - addr 

If MndWDn true PC t- addr 
PC <-HL 


No. Of 

Bytes 


Addressing 

mode 



Addressing 

mode 



Register 
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1 

CALL ad* 

(SP-1)<-PC H 
(SP -2)^-PC l 

SP f- SP - 2 

PC t- ad* 

N© 

3 

Immediate 

5. 

CALL eondi 
addr 

If condition true 
(SP - 1)^PC H 
(SP - 2} <- PC L 

SP •+- SP - 2 

PC +» addr 

No 

3 

Immediate 

6. 

RET 

P^L^ESP) 

PC N t- ESP + 1) 

SP *- SP + 2 

No 

1 

Register indirect 

7. 

RET pqnd 

if condition true 

PC L t- ESP) 

PC H f- ESP + 1) 

SP 4- SP * 2 

No 

1 

Register indirect 

S. 

R5T fl 

( SP- 1 j^PC M 

(SP - 2) *- PC U 

SP ^ SP - 2 

PC *— (n s ft) in bm 

No 

1 

j 

Register Indirect 


Stack Group 

Sr. 

no. 

Instruction 

Operation 

Flags 

affected 


Addressing 

mode 

1. 

PUSH rp 

SP i- SP - 1 
<BP)*-tpH 

SP t- SP - 1 
(SP) 4= rpL 

No 

i 

Register Indirect 

2. 

PUSH PSW 

SP *- SP - 1 
(SP) i-A 

SP ^ SP - 1 
(SP) Hag register 

NO 

i 

Register indirect 

3. 

POP rp 

rpL fr- (SP) 

No 

i 

Register Indirect 


SP *- SP + 1 


fPH (SP) 
SP t- SP + 1 


3. 


POP rp 


* 


1 


Register Indirect 
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4 

POP PAW 

PT, -' 1 ’ ' 

flag repiiier 4— (EPJ 

3P 4- SP + i 

A 4- (SP) 

SP «- SP + 1 

Wo 

i 

! , 

i 

Register Indirect 

5. 

SPNL 

SP 4- HL 

No 

1 

Register 

S. 

XTHl 

l 

l ** (SP) 

H *■* (SP + 11 

Wo 

1 

Register Indirect 


InputiQgtput Group 

Sr. 

no. 

instruction 

Operation 

Flags 

affected 

No. of 
Bytes 

Addressing 

mode 

1 . 

IN addr (B) 


A 4— (addr) 

No 

2 

□■rad 

2, 

OUT eddr 081 


(8ddr) 4= A 

No 

2 

Dire e| 


Machine Control Group 

Sr. 

no. 

instruction 

Operation 

—— ■ 

Flags 

affected 

No. of 
Bytes 

Addressing 

mods 

1. 

El 

IE(Fff) f - 1 

Ns 

1 

- 

2 

or 

IE(F/F) i- fl> 

No 

1 

- 

1, 

NOP 

No operatjon 

No 

1 


4 

HLT 

Holts the processor 

No 

1 


5. 

SIM 

&aria! antftfflipe tnai* 

No 

1 


& 

RIM 

Read Interrupt mask 

NO 

1 

- 


3.7 Assembly Language Programming 

A program Is a set of instructions arranged in the specific sequence to do the specific 
talk. It tells the microprocessor what it has to do. The process- of writing the set of 
instructions which tells the microprocessor what to do is called ■“‘Programming". In other 
words, we can say that programming is the process of telling the processor exactly how to 
solve a problem. To do this, the programmer must "speak" to the processor in a language 
which processor can understand. 


rich 

□ 


-rial 
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3,7,1 Steps Involved in Programming 

* Specifying the problem : 

The first step in the programming Is to find out which task is to he performed, 
This is called specifying the problem. If the programmer docs not tinders tan d 
what is to be done, the programming: process cannot begin, 

* Designing the problem-solution : 

During this process, the exact step by step process that is to be followed 
(program logic) is developed and written down, 

■ Coding ; 

Once the program is specified and designed, it can be implemented. 
Implementation begins with the process of coding the program. Coding the 
program means to tell the processor the exact step by step process in its 
language, Each processor has a set of instructions. Programmer has to choose 
appropriate Instructions from the instruction set to build the program, 

* Debugging : 

Once the program or a part of program, is coded, the next step is debugging the 
code- Debugging is the process of testing the code to see if it does- the given 
task. If program is not working properly, debugging process helps in finding 
and correcting errors. 

To write a program, programmer should know : 

* How to develop program logic? 

* How to tell the program to the processor? 

* How to code the program? 

* How to test the program? 


3.7,2 Flowchart 


CZ) 

p 

CJ 


o 


o 

Fig. 3.7 Graphic symbols 
used in flowchart 


To develop the programming logic programmer has to 
write down various actions which are to be performed in 
proper sequence. The flow chart is a graphical too! that 
allows programmer to represent various actions which are to 
be performed. The graphical representation is very useful for 
dear understanding of the programming logic, 

The Fig, 3.7 shows the graphic symbols used in the 
flow chart. 

Oval : It indicates start or stop operation. 

Arrow t II indicates flow with direction.. 

Parallelogram i It Indicates input/output operation. 

Rectangle *. It indicates process operation. 

Diamond i It indicates decision making operation 


'TIClhi 


mi 


;ri 
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■it 


Double sided rectangle : It indicates execution of pre-defmod process (subroutine). 
Glide wlUl alphabet ; It indicates continuation. 

A; Any alphabet 

The Fig. 3.8 shows sample flowchart. 


Start ) 


Z Snpu^ process 

parEi-r-tilyra 


Call subroutine 



Piotftss 


J Display results J 


C 5 *P ) 


Fig, 3.8 Sample flowchart 

3.7.3 Assembly Language Program 

Let us define a program statement as “write an assembly language program to add two 
numbers'. The three tasks are involved in this program ; 

* Load two hex numbers 

* Add numbers and 

* Store the result .in the memory 

These taste can be symbolically presented as flowchart, as shown in the Fig, 3-9. 

Next job Is to find the suitable 80S5 assembly language instruetiori/s for each task. 
These instructions are as follows : 

Task 1 instructions ; 

MVI A, £0fl ; Load 20H As a first 

; number in register A 
MV I B, 40N } Load 4 OH as a second number 

; in register B 


righted 


iterial 



Microprocessor & Mtcrocontrol lor System 3-44 


BCB5 Instruction Sot and ALP 


£ Start^ 



Fig. 3.9 Flowchart for addition of two numbers 

Task 2 Instruction : 


ADEt & 


Task 3 Instruction : 


Add two numbers and save 
result in register A 


STA 220OH ; Store the result in memory 
l location 2QO0H 

HiT i Stop the program ewecotion 

We want to execute three tasks in a sequence, thus writing corresponding instructions 
in the same sequence constitutes an assembly language program. 


3.7.4 Assembly Language Program to Machine Language Program 

Once the assembly language program is ready, it is necessary to convert it in 
machine language program- It is posable to do this by referring the proper hex code 
each assembly instruction from, the SD85 instructiorv sei manual This process is known 
hand assembly and the 'resulted machine language program is also known as hex. code. 
Let us see the hex code for our program. 

Mnemonic* Hex coda 

MVS A, 20H 3EH e- Qpegdfl 

20H e- Ofserarnl 
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MVI B. 40H 

Q$H 

4- 


4dH 

4- 

ADD B 

&0H 

4" 

STA 22DQH 

32H 

4- 


OOH 

4— 


22H 

4— 

HIT 

76H 

4- 


Opcode 

Operand 

Optad* 

Opcode 

Operand! (lower byle of address) 
operand (higher by!e d ftddHS) 
Opcode 


3.7.5 Storing Hex Code in the Memory 

Once the hex code is- ready, it has to he loaded in the memory of specially designed 
microprocessor system (Microprocessor training kit) for execution, To perform this task we 
should know the address range of read/write memory in the system. Let us assume that 
the read/write memory ranges from 2000H to 22FFH. Hie microprocessor training kit has 
keypad to enter the hex code in the memory, It provides a special routines (monitor 
program) to enter a hex code byte by byte and execute the program. Typical steps for 
storing hex code in the memory from address from address 20Q0H are as follows : 

1. Reset the microprocessor system by pressing the RESET key. 

2,. Enter into stone mode by pressing SET key. 

3. Enter the address of the memory 2000H, where the first hex code (starting address 
of the program) is to be stored using hex keys. 

4. Enter the hex code using hex keys. 

5. Increment the memory address by 1 using INC key. 

6. Repeat steps 4 and S until the Last hex code, 

3.7.6 Executing tfie Program 

The microprocessor training kit provides a procedure to execute the program. To 
activate the procedure we have to enter ‘the starting address of the program (2QGGH in our 
example)- To enter this address we have to go into execute mode by pressing GQ key and 
enter the starting address using hex keys. Once the starting address is entered, the 
program can be executed by pressing EXECUTE key. The EXECUTE key procedure loads 
the starting address of our program, 2000H Into the program counter and program control 
is transferred from monitor program to our program. 

After this microprocessor reads one hex code at a time, and when it fetches the 
complete instruction, it executes that instruction. Then it fetches the next instruction and 
this process continues until the Iasi instruction in the program is executed. 
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3,8 Programming Examples 
lab Experiment ! : St#r* «-Ut dih it 

Sttfimifit : Store the data byte 52H into memory location 2000H, 

Pioqram 1 ; 

HVI Aj j2H ; Store 52'H in the accumulator 

STA ,2 DO Oh ? Copy accumulator contents at address 2 BOOH 

HLT ; Terminate program execution 

Program 2 

LXt H, 2CQ0H t Load HL with a000H 

WVI M, 52K f Store 52H in memory location pointed 

by HL naglatar pair (2000H) 

HLT ; Terminate program execution. 

The result of both programs will be the same. In program 1 direct addressing 
instruction is used, whereas in program 2 indirect addressing instruction is used, 

Ub CK^ffnient Z : Eidwp tba ewlMti if awatorf Uutiaat 

StiffMHt : Exchange the contents of memory locations 1000H and 2000H 
Program 1 : 

LDA 1QQGH ; Get the contents of memory location 100OH 
; into accumulator 

MOV B, A ; save the contents in i register 

LDA 20O0H ; Get the contents of memory location 

; 2Q0GH into accumulator. 

-STA 100QH / Store the content a of accumulator at 

address 1 DOOH, 

MOV A ? B ; Gat the saued contents hack into A 

regiatar 

STA 2000H ; Store the contents of accumulator at 

address 20MH 

HLT ; Terminate program execution 

Program t : 

LX I H r 1QQQH i initialize HL regia tar pair as a pointer 
; to memory location 10D0H 

1X1 P, 2000H } Initialize DB register pair as a pointer 
i to memory location 20D0H 
MOV B, M j Get the contents Of memory location 

1 10Q0H Into B register 

LDAX D ,? Get the contents of memory location 

i 2000H into A register 

MOV M f A ; Store the Contents of A register into 

j memory location 1000H 

MOV h, B f Copy the contents of B register into 

accumulator 

STAX D jr Store the contents Of A register into 

j memory location 2000H. 

HLT ; Terminate program execution 

Copyrighted material 
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In Program 1 direct addressing instructions are used, whereas in Program 2 indirect 
addressing instnirtiors an used, 

lab Experiment 3 ; Add Ws 8-bit numbiri, 

Slftipiftpt I Add the Contents of memory locations 20QQH and 2W1H and place the result 
in memory location 2QD2H. 


Sample problem 


(2000H) - 14H 

(2 0 01H J = S&H 
Result * 14H + O&K 




Score* program 


LXI 

H, 

2000H 

f 

HL points t 00OH 

MOV 

k f 

M 

f 

Get first operand 

iwx 

H 


i 

HL points 20D1H 

ADD 

M 


if 

Add second operand 

im 

H 


# 

HL points 2D02H 

MOV 

M, 

k 

# 

Store result at 20O2H 

HLT 




Terminate program execution 


Lib iitperfwient 4 : fcbtnct fate S-Ht minbtri. 


Flowchart 



Stftwiil : Subtract the contents of memory location 2Q01H 

from die memory location 2000H and place the result in memory location 2002H- 

Rowchart 


Sample problem 


(2000HJ 

- S1H 

(200IH5 

= 19H 

Result 

= S1H 


Sourc* program 


1X1 

H, 2000H 

+ 

t 

MOV 

A, M 

.»■ 

3 NX 

H 

jr 

SUB 

M 

if 

Iffit 

H 

* 

MOV 

M r A 

j 

HLT 


t 


- 19H = 38H 


HL points 2000H 
Get first operand 
Mi points 20Q1H 
Subtract second 
operand 

HL points 2002H 
Store result at 2002 H 
Terminate program 
execution 
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Lais Experiment S : Mi to 16 -bit nml»n. 

Statement : Add the 16-bit number in memory locations ifKjqH and 2001H to the 16-bit 
number in memory locations 2Q02H and 2CMBH. The most significant eight bits of the two 
numbers to be added are in memory locations 2M1H and Store the result in 

memory Jsjcatians 2Q04H and 2QQ5H with the most significant byte in. memory location 
2Q06H- 

Somple problem 

fZODDH) = 15H 
(2DD1R) = 1CH 

(2G02H) = B7H 

(20D3H) - 5Ati 

Result - LC15 + 5AB7H - 76€Cll 
(2004H) = CCH 

(2005H) - 76H 

Flowchart 
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Smirqa Program 1 

LHLD 2D0DH 
XCHG 

LHLD 2DD2H 
MOV A, E 
ADD L 
MOV L, A 
MOV A, D 
ADC H 

MO V K, A 
5HLD 2 004N 

HLT 

Source program 2 

LHLD 20DDH 
XCH Q 

LHLD 2002 H 
PAD D 
SW.LD 2004 H 

HLT 


i Get first IB-bit number in HL 
; Save first 16-bit number in DE 
r Get second. 16-bit number in HL 
t Get lower byte of the first number 
; Add lower byte of the second number 
I Store result in L register 
; Get higher byte of the first number 
; Add higher byte of the second number with 
; carry 

i Store result in H register 

; Store 16-bit result in memory locations 2 004B 
j and 2000 H. 

; Terminate program execution 

t Get first 16-bit number 
i Save first 16-bit number in DE 
i Get second 16-bit number in HL 
j Add DE and HL 

f Store 16“bit result in memory locations 2004H, 
and 2005H. 

f Terminate program execution 


In program 1 eight bit addition instructions are used (ADD iltid ADC) and addition is 
performed in two steps. First lower byte addition using ADD instruction and then higher 
byte addition using ADC instruction- In program 2 16-bit addition instruction (DAD) is 
used- 


Lafa Experiment 6 : S^truet fwv I64it anhn. 


SlvtafRlHf ; Subtract the 16-bit number in memory locations 2O02H and 2O03H from the 


16-bit number in memory locations 2000H and 2O01H. The most significant eight bits of 
the two numbers are in memory locations 2001H and 2003H. Store the result in memory 
locations 20O4H and 2005H with the most significant byte in memory location 200SH. 
Sample problem 

(2000K) = 19H 

(2001H) " 6AH 

(2 002 Hi - 15H 

(2003K) = 5CH 

Result = 0A1&H - 5C1SH = 0E04H 

(2D04H) = 04H 

(2005K) - 0EH 


Source program 

LHLD 2000 H 
XCHG 

LHLD 2002B 
J4QV A, E 
SUB L 
MOV L, k 
MOV A, D 


Get first 16-bit number in HL 

Save first 16-bit number in DE 

Get second 16-bit number in HL 

Get lower byte of the first number 

Subtract lower byte of the second number 

Store the result in L register 

Get higher byte of the first number 
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SBB H ; Subtract higher hyte of second number with 

; borrow 

MOV H/ ft i Store 16-bit result in memory locations 2004K 
,■ and 20Q5R. 

SHLD 200413 j Store 16-bit result in memory locations 2Q04K 
r and 20O5B, 

HLT ; Terminate program execution. 

Flowchart 



Lab Expafimant 7 t ttarit mutt! tftir iihiHbi «f INR l f HR C «4 INI I iwtmrifw*, 

Stltlffillt! If the contents of B = FFH and C = FFH then after execution of following 
instructions give the contrails of register B and register C- 


DV 

r J 
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Instructions : 

1. INK B 

2. INR C 

s. inx b 

1. INR B 

b -> rFH 
+ 01H 

00 M B 

B = 00H and C = FFH 
2 . INR C 

C -> FFH 
+ 01H 

00H -> C 

B = FFH and C - 00 h 
3. INX B 

BC -¥ FF FF K 
+ C'Q 01 H 

00 00 H =+ BC 
E = QOH and C = 0OH 

lilt Experiment 8 : Dbsk miff* ittir «»eittita el PCt C, PCB 8 «iJ DC 1 1 iirinrifotti. 

5lat«nant : If the contents of B s QQH and C - OOH then after execution of following 
instructions give the contents of register B and register C. 

Instructions : 

1, ECR C 
2 - IDCR B 
3., OCX B 

1. DCR C 

C -* QQH 
- 0|H 

FFH -J C 

,% B - 0QH and C - PFH 

2. DCR & 

B -* OOH 
OlR 

FFH -* B 

r. B - FFH and C * 00H 

3. DCX B 

BC -* 0 0 0 0 H 

- 0 0 0 1 H 

P F F F El -* BC 

B = FFH and C - FFH 


1 


>pyrigniec 


trial 


i 
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Ub Exf*ri leant 9 : Fin# lb# f* esvipriniitt if • niiMbtr. 

StltiMint : Find the l J s corn pic men?: of the number stored at 
memory location 22D0H and store the complemented number at 
memory location 230DH. 

Sample problem 

U200HJ = bhK 
Reso.lt - I2J00HI - AAH 

Source program 

LQA 220OH ; Ret the number 

CMA ; Ccfflplejftent number 

S?A 2 300H } Store the result 

ElLT i Tenth date program. EKecuticn 



Lib (Plint 10 t Fin# fh ft MPifhnart tf a number. 

SMttiiif; Find the 2's complement of the number stored at memory location 220QH and 
store the complemented number at memory location 2300H. 

Flowchart 


Sample problem 

(2200H) - 55H 

Result = (2 3 D 0 H} ■* AAR + 1 « ABH 

Source program 

LDA 2250 H ; Get the number 

tMA i Complement the number 

ADI* OlH j Add one in the number 

STA 2300K ; Store the result 

HLT ; Terminate program execution 




right? 


A 
r i 
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Lab Experiment II l P«k tb tw& iinpaelred BCD numbri. 

Sfatimiet j Pack the two unpacked. BCD numbers stored in memory locations 2200H and 
2201H and store result hi memory location 230QH, Assume the least significant digit is 
stored at 220QH. Flowchart 

Sample problem 
(2200H) - 04 

^22 OlHl = 09 

Result " (2300H) - 94 

Source program 

LDA 2201H f Get the Most significant 

BCD digit 

RLC 
RLC 
RLC 

RLC ; Adjust the position 

AN I PON / Make least significant BCD 

i digit 2 *ro 

MOV C f A ; store the partial result 

IDA 230OH ; Get the lower BCD digit 

ADD C ; Add lower BCD digit 

STA 2300H ; Store the result 

HW ; Terminate program execution 

bb Expirtmiit it : u^«k tb BCD w*Ut, 

Stiff ireni : TWo digit BCD number is stared in memory location 2200H- Unpack the BCD 
number and store the two digits in memory loca ons 2300H and 23Q1H such that memory 
location 2300H will have lower BCD digit 

Sample problem 

(2200H) - 53 

Result = (2300B) - OS and (23G1B) = 05 

Flowchart 

(See Pig. on next page) 

Source program 

LDA 220011 ; Get the packed BCD nuisiber 

ANI F0H t Mask lower nibble 

RRC 

RRC 

RRC 

RRC ; Adjust higher BCD digit as a lower digit 

STA 230IH ; State the partial result 

LDA 2200H ; Get the original BCD number 

XNI 0FH j Mask higher nibble 

STA .22DIB f Store the result 

HLT t Terminate program execution. 
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lib EjCpifimflit II 1 SampFi mbnuitlni fngnp. 

Stetena-nt: Read the program given below and state the contents of all registers after the 

execution of each instruction hi sequence 


Main program 

■ 



6DD0H 

USI SP, 27FFH 


60Q3H 

LXI H, 2000SJ 


600 6li 

LXI B r 1020H 


600 9E 

CALL SUB 


600CK 

HLT 

Subroutine program : 



6I00H 

SUB : PUSH S 


6101H 

PUSH ti 


6102H 

LXI B r 4080H 


610SH 

U£I R, 409CH 


6I0&H 

DAD a 


SID9H 

5RLD 2200H 


610CH 

POP H 


610UH 

POP B 


610EH 

RET 


' riohl 


trial 
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Solution ; The Table 3,7 shows the instruction sequence and [be contents ol all registers 
and stack after execution of each instruction. 


Sn 

Instructions 

Registers contents in Hex 

Hemary liKattans 

No. 


□ 

B 

c 

° 

B 


D 

SP 

PC 

(addresses are In Ha?i 

1 

LXI SP.27FF 

X 

D 

D 

X 

X 


D 

27FF 

0003 


2 

UCt H.2000 

X 

D 


X 

X 

20 


27FF 

6006 


S 

LXI B, 10(20 

X 

10 

' I 


X 

20 

00 

27FF 

6009 


4 

GALL SUB 

X 

10 



X 

20 

00 


e too 

27FE *- 60. 27FD OC 

S 

PUSHS 

X 

10 


X 

X 

20 

00 


6101 


6 

PUBHH 

X 

10 



X 

20 

00 

27F0 

6102 

27FA 20. 27PS «- 00 

^^1 

LXI B.aoao 

X 

E3 


X 

X 

20 

oo 




D 

LXI H.40M 

X 

40 

B 

X 

X 

40 

00 

27F0 

r 

61 OS 

— 

3 

DAD i 

X 

40 


X 

B 

31 

10 

S7F0 

61 OS 


10 

SHLO 2200 

X 

@ 

B 


B 

B 

10 

27 F 3 



11 

POP Hi 

X 

40 

ao 

D 

IB 

Eg 


27FB 

61OD 


12 

POP 0 

X 

10 

m 

B 

B 

20 


27FP 

610E 


13 

RET 

X 

10 

l 20 

B 

B 


00 

27FF 



14 

HLT 

B 



D 

X 

20 

i 00 

27FF 

6000 



Table 3 ,7 


Lib Experiment 14 : Mi uitiiti ef tvs RUMory tauHoni, 

jlktiitul : Add the contents of memory locations 2GQ0H and 2001.H and place the result 
in the memory locations 2002H and 2003H, 

Sample problem : 

(20CIQH) = ?FH 

(2001K1 - S9H 

Result = 7FH + 09H - 103H 

(2002H) = OSH 

(200311) = 01H 


iterial 
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Flowchart 



Source program : 

LX I H P 200QH ; HL Points 2000M 

MOV Ap M ; Gat first operand 

INX H i HL Points 200 lfl 

ADD M ; Add second operand 

I m H ; HL Points 2QQ2H 

MOV Mp A i Store the lower byte of result at 2002B 

MV I A, 00 ; Initialize higher byte result with QQH 

ADC A ; Add carry in the high byte result 

ENX H ; HL Points 2002H 

MOV Mp A ; Store the higher byte of result at 2D03K 

HLT ; Terminate program execution 

Lab E)(pflrimflrtt IS ; RI§B tlift 4afa within Ht 3-bit njliter. 

Statsrner»t : Write a program to sMft an eight bit data four bits right Assume that data is 
in register C. 

Source program t 

MOV Aj, C 

RAM 

RAR 

RAR 

RAR 

MOV Cj- A 
HLT 


Copyrighted material 
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flowchart 



Lab Experiment 10 : RigM shift datJ within It-hi I r«gul«;, 

Sllinwt ! Write a program to shift an 1 6-tit data 1-bit right. Assume data is in the BC 
regishe# pair. 

Flowchart 



py righted 
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Source program : 

MOV A r B 
PAR 

MOV B,A 
MGV A,C 
PAR 

MOV C,A 
HLT 

I- 

Ub Experiment 17 : Left tfclft I6 hi1 iati vMli I64tt njltter, 

Sfcfiailtt: Write a program to shift an 16-hit data 1-bit left, Assume date is in the fJL 
register pair. 

Flowchart 


GEQ 


1 

_ 


Add HL wilh 

HL 

_ 


) 

( Step . 


Sample problem : 

HL = 1025- 0001 0000 0010 0101 
HL = 0001 0000 0010 0101 
+ HL - 0001 0000 0010 0101 


Result = 0010 0000 0100 1010 

Source program : 

DAD H 

lib Experiment ft : Alter fa coslinfi tf ffij riflriw, 

Stattimflat; Write a «t of instructions to alter the contents of flag register in §085. 

Source Program : 

PUSH PSN 
POP H 
MOV A/L 
CMA 

MOV L,A 
PUSH H 
POP PSM 
HLT 


; Save flags an stack 
i Retrieve flags in 'L r 
f Flags in accumulator 
; camplftrtiBnt accumulator 
p” Accumulator in 'L 1 
; Save on stack 
; Back to flag register 
t Terminate program execution 


opy righted material 
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h 


Lab Experiment 19 r fill i 1 * cmplimmi of I64if numbit 


Let x- 2000 H 

y * 4000 H 

x + 1 = 2001 H 

y+ 1 =400111 

Source Program : 


LDA 20QQH 

; Load Accumulator with contents of 


; 2 00 0H 1ocation 

CMA 

; complement the lower byte 

ADD 01H 

; add 01 to the accumulator 

STA 400QM 

; Store the accumulator data to 4000H 


; location 

LDA 20Q1H 

; Load accumulator with data from memory 


f location 20&1H 

CMA 

, p complement the higher byte 

ADC Q0H 

; add with carry to accumulator 

HLT 

; Stop 


bb Experiment 20 ; Simulalinn &f CALL and RET iOftrioHo#i, 

Itriomgnt: If CALL and RET mstracfkms are not provided in the 8035, could it be 
possible to write subroutines for this microprocessor 7 If &o how will you call and return 
from the subroutine? 

Solution : We know that 

1. CALL instruction transfers the program control to the subroutine program by 
loading thug address of the subroutine program in the program counter, and before 
transiting program control it saves the address of the instruction after the CALL 
instruction on the stack, 

2. RET instruction loads the program counter with return address from the stack and 
thus transfers the program control back to the instruction following the CALL. 

Now our task is to implement the operation performed by these two instructions with 
the help of other instructions of BDB5. 

Let us implement RET instruction first. To implement this it is necessary to load 
program counter with return address. To load program counter with 16-bit address we 
have two instructions : JMF address and PCHL, Bui JMP address instruction can not be 
used for our purpose because JMP address loads program counter with fix address and 
the return address is not fix, it depends on, from where the Subroutine is 'CALLed' in the 
main program.. The other instruction, PCHL loads 16-bit contents of HL register pair into 
PC. If we manage to load return address into HL register pair, every time subroutine is 
called, then it is possible to implement RET instruction with the help of PCHL instruction. 
We can load the HL register pair with return address before we make a CALL for 
subroutine program. 

The task to implement CALL instruction is simplified because wo are going to store 
return address into the HL register pair before we make a "CALL' for subroutine program. 


Vy 


)V righted 


trial 



Microprocessor $ MicrocortrolEar System 3 - 60 


BOSS Instruction Sot and ALP 


Now it is only required to- load program counter with the subroutine address- This can be 
implemented by executing JMP instruction. Here JMP instruction is suitable because 
subroutine starting address is a J hx' address. The tabl-c shows how we can J Cnl]' and 
'Return' from the subroutine without using CALL and RET Instructions. 


Main program 


Main program without CALL Ireatmciioft 

6G0&H LXI SP. 27FFH 

MMH 

LXI SP. 27FFH 

: Initialise stack yo.nte r 

601 OH CALL 22O0H' 

Ml OH 

PUSH H 

: Saves ML register eootertls m stack, 
since HL Is used fer implernDnlatiDn of 
CALL snd RET. After subraifine 
program ewecuBGO the twigiful HL 
contents are retrieved by executing POP 

H instruclion 

6013H 

§Q11H 

6014H 

§01SH 

601SH 

LXI H, 6D10H 

PUSH H 

JMP 2200H 

POP H 

; Loads HL with return address 

; Stores return address in the stack 

; Loads program counter with 220DH 

■ Loads HL wfth original contents of HL 

' frem the stack 


Table 3.8 


Subroutine program 

Subrautlna program without RET instruction 

2200 . , . 

22WH 



2200H RET 

2220H 

POP H 

; Loads HL with return address 


2221H 

PC Hi 

; Loads program counter with return 
address. 


Table 3.9 


Lai Experiment t\ : flai At fiet&rlil if i minAtr. 

ililiintiil ; Write a program to calculate the factorial of a number between 0 to 8- 


Solution : Main. Program : 



LXI SP, 27FFE1 


Initialise stack pointer 

LDA 2200H 

t 

Get the number 

CPI G2H 

r 

Check if number is greater than L 

JC LAST 



HVI D, 00H 

•E 

V 

Load number as a result 

MOV E,A 



DCft A 



MOV C,A 


Load counter one less, than nutftber 


Copy righted. material 
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CALL FACTO 
XCHG 

SHLD 22D1H 
JMP END 

LAST i LSI h£,0G01H 
SHLD 2201H 
END; HLT 

Flowchart 


,* Call subroutine facto 
; Get the result in BL 
; Store result in the memory 

; Store result = 01 




Subroutine Program ■ 

FACTO i LXI H, 0000H 
MOV B r C 
SACK t DAD D 

DOR B 
<MZ BACK 
XCBG 
DC R C 
CWi FACTO 
RET 


Load counter 

Multiply by successive addition 
Store result in DE 
Decrement counter 
call subroutine facto 
Return to aiain program 


f riohl 
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3,9 Instruction Comparisons 

Minp Example 3.1 : Compare instructions SUB A and MW A- 00H. 

Solution : 


Parameter 

BUB A 

MVI A, QOH 

Number of instruction bytes 

One byte instructor! 

T»rg byte instruction 

Opcode 

07 HI 

3EH 

Operation 

This instruction subtrees the 
contents of register A From Itself 
and floras rasult [OOH} in 
register A 

This instruction loads QOH in 
register A. 

Addressing Mode 

Register addressing mode 

Immediate addressing mode 

Fl apt 

This instruction offsets all Msgs. 

This instruction doss not affect 
fags 

T-stales Required 

4 

? 

Machine Cycles Required 

1, Opcode feteft 

1. Opcode fetch 1 

2 . Memory read 


Example 3*2 : Compare mstmetj&m SLiB B &nd CMP B- 


Solution : 


Parameter 

SUB B 

CMP B 

Number of Instruction bytes 


One byte instruction 

OpcDds 

BOH 

B0H 

Operation 

' 

This instrwton. subtracts the 
contents register ® from 

register A and stores result in 
register A and affects the flag# 
according to contents of register 
A and B. 

This instruction subtracts tea 
consents of register B from 
register A and affects the flags 
according to contents of 
' registers A and B. 

Result 

Result of A - B is stored in 
register A 

; Result of A - B is not stored in 
register A. The contents Of 
register A are unchanged. 

Addressing Mod* 

Register 

Register 

Flags 

This instruction affect# all fags 

This instruction affect# ell fags 
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T-states Required 

4 

4 

Machine Cycles Required 

1. Opcode fetch 

1. Opqpde fetch 


Example 3.3 ; Compere instructions LXI H, 2Q00H and LHLD 1QQQH. 

Solution : 


Pawn star 

UCI H a 200QH 

LHLD 2PDDH 

Number of Instruction bylM 

Th»# byte instruction 

Three byte instruction 

Opcode 

21H 

2AH 1 

Operand 

2000 H 

2000H 

Ope radon 

This Instruction toads 2CNM H In 
toe HL register pa- r 

This instruction toads contents of 
2W0H memory location Into L 
leglster and contents of 2001H 
memory location Into H register 

Addressing Mode 

Immediate 

Direct 

Rage 

This instruction does not affect 
fags 

This instruction; does not affect 
tags 

Required T-St*te$ 

! io 

is 

Required Machine Cycles 

\ , Opcode fetch 

1. Opcode fetch 


2. Memory read 

2. Memory read 


3. Memory read 

3 Memory read 



4. Memory read 



5, Mam ary read 


Example 3.4 ■ Compare instruction JMP 2000 H and PCHL . 

Solution : 


Parameter 

JMP 2900H 

PCHL 

Number of bytes 

Three byte instruction 

One byte instruction 1 

Opcode 

C3H 

E®H 

Operand 

2000H 

Contents of HL regie ter 


3Dvnqhtec 


trial 
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Operation 

^ This instruction copies 2MDH in 
PC » that prooiiBor fetches 
next instruction from address 
20MH 

This instruction copies Ihd 
content* erf Hi register pair into 
PC so that processor fetches 
ruext IrsstruiGfcn from address 
specified by hi. register pair. 

Addressing Mod# 

Direct 

Indirect 

Flag* 

This inalmdron does not affect 

This instruction does not affect 


togs 

flags 

Required T- States 

10 

6 

Required Machine Circles 

1. Opcode fetch 

2. Memory read 

3. Memory read 

1. Opcode fetch 


JW#- Example 3,5 ; Compare instructions HLT and NOP: 


Solution : 


Parameter 

HLT 

HOP 

Number of Inetroctlon byte 

Ore byte InstrueUen, 

One byte Snilrue&n 

Opcode 

76 H. 

OOtf. 

Operation 

This inslrucfon halts the 
processor- 

No operation is performed - 

Plage 

This instruction does not affect 
flags 

This instruction does mat affect 
flags. 

Required T- stales 

T- stales required are undefined 
because this instruction halls 
the processor. The processor 
can be restarted by a valid 
interrupt or fry applying a 

RESET atgnal. 

4-T states. After this Instruction 
processor fetches the noVt 
inslruclion after NOP 
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iwtjk Example 3.1 : List out differences and similarities between CALL-R£T and PUSH-POP 
instructions. 


Solution ; Differences ; 


Sr, No, 

CALL- RET 

PUSH- POP 

i 

These instructions are used fnr fie 
execution of subroutine 

These instructions are used to stare register 
data temporarily in memory. 

2 

CALL Instruction store tho address of next 
instruction after it In fie slack and beds PC 
with address given in the Instruction. 

PUSH Instruction stores register contents In 
the stack 

3 

RET insfUdlbn leads the address hem 

Stack into PC, 

POP instrudion gets fie register enntants 
from the stack. 


Similarities : 

1. They use stack memory. 

2, CALL and POSH instructions decrement stack pointer by 2. 
3-, RET and POP instructions increment stack pointer by 2, 

4 Instructions da not affect flags except POP FSW instruction. 


Review Questions 


1. Ejepiraipt Si** 1 dosjlSaduH of the instruction set of BOSS microprocessor mitk suitable examples. 


2. 

3. 

4 

5. 

6 , 


7, 


Explain fttrioUS dements of On insinjCfiorcs. 
Give the instruction firnmts for BOSS, 

Give the opcode formats few 8085. 


Explain various data formats supported fa? 8085, 

With the i help of me example in each ease explain the effect of the fott&mng instructions in 8085. 


a. LHLD addr 
c. KST 4 
c. DAA 
i- DAP 0 
i. RIM 


fr. ADDM 
d. JCTHL 

/ cp torn 

h. IN WH 
j. SIM 


Write the turn ways to initialize ifncA pointer at FFFFH- 


0. Compare the' following pairs of instructions with their opcodes, operations, instruction bytes, 
addressing modes, affected flags find the results. 


a. MV7 A, OOH 

and 

XR A A 

k SUB B 

tfftd 

CMP B 

(s IMP 2700 and 

pchl 


d. KTHL 

end 

SPHL 

e. IDA 200GH 

and 

LHLD 1000H 

f. RRC 

and 

PAR 


riqhted material 
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How many Hum wifi the two |NZ trafrwcte™ be executed in the follming sequence ? what ■spall 
be the con lente. of 1! and L utea program cemtrai reaches Id HLT instruction? 

LXI H r 050JH 
LOOP . DOR L 

fhiZ LOOT 
OCR H 
}NZ LOOP 
HLT 

10. Explain the following instructions : 

i) IMW iiJ XT HI m) DAP H w) WR M- 

11. Analyse the BOSS below to reuetd the arithmetic operation performed : 

MVf A. 07 

RLC 

MOV ft A 
RLC 
RLC 
RLC 

ORA R 

12. Write nit EDM code to obtain 2's complement on the 36 number stored at locations X mid .t+3. 
Store the result in y and y+2 tatefiPHS- 

II Etcptain the (Drrtenfe £f acewuulatae Ib tun SIM attsiruetibn. 

14. Explain res Jar £ a software instruction- Explain the mple.tne.nwim of RST5. 

I ft Explain the instructions RIM and 'SUvL 

16. Define the instruction and instruction seL 

1 7. Explain the operational difference beitocen the following pairs of s ns tear fa 0 fee. 

i) SPHL and XTHL rr.J CALL addr an4 /MF mtdr 

m WID and SHLD addr irpj XRA A and MV! A, OOH 
v) INR A and ADI 01 H vi) DAD RP md DAA. 

15. Explain the operation of following instructions and specify addressing mode and member of M/C 
requited: 

D DAA ss> DAD B 

m) XTHL is) CNC eddr. 

13. Write d propam to unpacks a tew s%i£ BCD number Mated at memory loaateM I COOK 

20. Write an BOSS ALP to subtend tew BCD numbers using 10s complement arithmetic. 

21. Explain the operation performed by S&S5 when the following mstnwtumE are executed. 

i) SB0 C m rrc 

hi) LDAJf fi to) XTHL, 

21, !s f( possible ta check AC flag states of SOM ? JEspkna. 
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23. With m ALP to clear all flags load (to data byte fFH into (to accumulator ; incmnmi (to 
accumulator, musk all the flags except (to carry fkg s nd display the carry flag at PORT 0. Agism 
toad She accumulator the d&ta byte. FFH j add 01H to to as\A display the carry at PORT 1, 
Explain the difference in the answer, 

24. Explain the Bartons steps involved while executing CALL with an example, 

25- Explain PAA instruction with example, 

26, What are addressing modes used fm She foUowng irt®itracticms ? Explain 

Mvt m, mn 

IN 4 

PUSH, B 
RET 

2?, What to |finof«sffl ? 

28. Gipc She slaps involved in programming 

29. What is flowchart t Explain its use. 

30. Explain the process of writing ffiScmbiy language program with the help of example, 

33, Wfcri do you mean by hand assembly ? Explain w(h the help of example. 

32, Explain the process of executing the program on the microprocessor framing kit, 

□ □□ 
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Programming Techniques 



In the last chapter we have seen the instruction set of 8085 and some- simple assembly 
language programs using it, We know that,, the program is an implementation, of certain 
logic by executing group of instructions. To implement program logic we need to take help 
of some common programming techniques such as looping, counting, indexing and code 
conversion. 

In this chapter, we are going to study how to implement these programming 
techniques using 8085 assembly language and some programming examples using them, 
Hus chapter also introduces the BCD arithmetic and programming techniques to 
implement BCD arithmetic using 8085 assembly language. 

4.1 Looping, Counting and Indexing 

Before going to implement these techniques, we will get conversant with these 
techniques and understand their use. 

Looping ; In tins technique, the program is instructed to execute certain set of 
instructions repeatedly to execute a particular task number of times. For example, -to add 
ten numbers stored in the consecutive memory locations we have io perform addition ten 
tunes. 

Counting i Hus technique allows programmer to count how many times the 
instruction/set of instructions are executed. 

Indexing : This technique allows programmer to point or refer the data stored in 
sequential memory locations one by one. Let us see the program loop to understand 
looping, counting and Indexing. 

The program loop is the basic structure which forces the processor to repeat a 
sequence of instructions. Loops have four sections, 

1, Initialization section, Z Processing section. 

3, Loop control section 4- Result section. 



Microprocessor & Microcontroller System 4 - 2 Programming T*chnlqu« 

Flowchart 



Flowchart 1 Flowchart 2 

1- The initialization section establish® fee starting values of 

■ bop counters for counting how many times loop is executed, 

■ address registers for indexing which give pointers to memory locations and 

■ other variables 

2. The actual data iwarapuJation occurs "in 'fee processing section. This 'is fee section 
which does the work- 

3. The loop control section updates counters, indices (pointers) for fee next iteration. 

4. The result section analyzes and stores the results. 

Note t The processor executes initialization section and result section only once, while it 
may execute processing section and loop control section many dunes. Thus, fee execution 
time of the loop will be mainly dependent on fee execution time of fee processing section 
and bop control section. The flowchart 1 shows typical program loop. The processing 
section in this flowchart is always executed at least once. If you interchange the position of 
the processing and loop control section then it is possible that fee processing section may 
not be executed at all, if necessary. Refer flowchart 2, 
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Program Eximplit 

Lab Experiment 22 t Giltitlrti Hr tm if lerles tf ambin. 

ftftvpvat ; Calculate the .sum of series of numbers. The length of the series is In memory 
location 22O0H and the series itself begin* from memory location 220IH. 

a. Assume the .sum to be S bit number so you. can ignore carries. Store the sum at 
memory location 23WH- 

b. Assume the sum to be 16 bit number. Store the sum at memory locations 23tt>H 
and mm. 

a. Sample problem 

2200 a - om 

2201H - 2 OH 

2202H = 15ft 

22G3H = 12H 

2204H - 22B 

Result * 20 + 15 * 13 + 22 * 6AH 

23QQH - 6AH 

Flowchart 
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Source program 

LDA 2200H 

MOV C, A ; Initialise counter 

SUB A } sum - 0 

LXI H, 2201H ; Initialize pointer 

BACK : ADD M ; SOM = SUM + data 

INK 13 ; increment pointer 

OCR C } Decrement Counter 

JNS BACK ; if counter 0 repeat 

STA 2 3-D OH ; store sum 

HLT l Terminate program execution 

b. Sample problem 

2200El - 2301H - 9AB 

22Q2fi-> 52H 22Q3H - B9H 2204H - 3EH 

Result- 9AH * 52H + + 3EH = 1B3H 

23QQEi= B3H Lower byte 2301H = OlH Higher byte 

Flowchart 
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Source program 

IDA 22Q0H 
MOV C, k ; 
LXI Hf 2201H j 
SUB A 
MOV B« A 
BACK : ADD M 

JMC SKIP 
INK B 
SKIP : im H 

DCR C 
JliZ BACK 
STA 2300K 
MOV A r B 
STA 2301H 
HIT 


Initialise counter 
Initialise pointer 
Susnlow 0 
Sumsbigb * 0 
Sum m sum + data 

Add. carry to MSB of SUM 
Increment pointer 
t Decrement counter 
; Check if counter * 0 repeat 
; Store lower byte 

} Store higher byte 
; Terminate program execution 


Lib Experiment 23 t Pitt trtiiftr tom nemiry fclwlt SI ft nunsry Week If. 

Stetinwt: Transfer ten bytes of data from one memory to another memory block* Source 
memory' block starts from memory location 22QQH where as destination memory block 
starts from memory location 23G0K, 

Flowchart 



IrKrwmism saynao Jiwrrioiy p9irti« ihCffifTWlt 
dKlInaten merory pooler and daoramartl wuninr 
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Source program 

MV I C, OAH j initialize counter 

LKI Hj, 23CH0H i Initialise source memory pointer 

LKI D> 23QQH i Initialise destination, memory pointer 
SACK : MOV fa t M j Get byte ft on? source memory block 

STAX D j Store byte in the destination memory 

block 

INK H ; Increment source memory pointer 

INK D ; Increment destination memory pointer 

DCR C j Decrement counter 

JNZ BACK ; If counter # O’ repeat 

HLT ; Terminate program execution 


Lab Exftrtaent 24 : Mifflfff tm 4-faii nmhm. 

; Multiply t wq 8-bit numbere stared in memory locations 22QGH and 2301H. 
Stare the result in memory locations 23DQH and 2301H. 

Sample problem 


(2200H) 

- 

03H 

(22Q1H) 

- 

B2H 

Result 

_ 

B2H + E2H + B2H 
216H 

(2300H) 

m 

1GW 

(230im 

- 

02ti 


Note ; In 80S5 multiplication can be done by repetitive addition. 

Flowchart 
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Source program 

LDA 2200K 
MOV E, A 

MV'I t>, 00 ; Get the first number in D£ register pair 

LDA 2201H 

MOV £ r A ; Initialise counter 

LX I K, 0000H ; Result - 0 

BACK i DAD D ; Result = result + first number 

DCR C ; decrement count 

BACK ; If count # 0 repeat 

SKlrD 230 flu ; Store result 

HIT ; Terminate program execution 

Lab E)Cfwlwnt £5 * PivNIi 16-bit naniiur by I-bft ntimbar. 

Stiffen! if : Divide 16 bit number stored in memory locations 220QH and 2201H by the S 
bit number stored at memory location 2202H, Store the quotient in memory locations 
2300H and 2301H and remainder in memory locations 2302H and 2M3H. 

Flowchart 
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- 60 H 
= AOB 
= 12B 

- AQ 6 QM/ 12 H - 8 E 8 H Quotient 


Sample problem 

( 22 GBH) 

[22 GlH} 

{ 22 B 2 H} 

Jesuit 
and lOB remainder 
2300 H) - E 8 H 

2301B) = 08B 

2302B) - 1QH 

2303 B 1 = 00 H 

Source program 

LBLD 220 OH ; 

L&A 22 Q 2 H 
MOV C, A ; 

LXI D, Q 000 B t 

SACK : MOV h f L 

S OB C ; 

MOV L f k 
JNC SKIP ; 

OCR H ; 

subtraction 

SKIP : INK D ; 

MOV A, B 
CPI, 00 I 

J m BACK t 

MOV h, L 
CMP C 
JNC BACK 
SHLD 2302 H ; 

KCHS 

SHLD 2300 H ; 

HLT I 


flat the dividend 

Get the divisor 
Quotient = 0 

Subtract divisor 

Save partial result 

if CY ss i jump 

Subtract borrow of previous 

increment quotient 

Check if dividend < divisor 
if no repeat 


Store the remainder 

Store the quotient 
Terminate program execution 


bb Expsrimsnt 26 : f{*4 tb* Hjitift mrnhtn l» i UmL if Sifa. 

jMunael i Find the number of negative elements (most significant bit 1) in a block of 
data, The length of the block is in memory location 22Q0H and the block Itself begins in 
memory location 22Q1H, Store the number of negative elements tit memory location 2300H 


0V 

r J 


righted 


trial 
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Flowchart 



Sample problem 

C2200E) = G4H 

{2201HJ - 56H 

(2202K) - km 

(2203H) = 73H 

(22MB) = @2H 

Result = 02 since 2202B and 22G4R contain numbers with a 

MSB of 1. 

Source program 

LDA 2200 H 

MOV C,ft ; initialia# count 

MVI b t GO ; Negative number “ 0 
UCI H„ 12Q1H t Initialize pointer 
EACK : MOV A r M ; Get the number 

ANT Bm ; Check for MSB 

J2 SKIP I If MSB - 1 


Copyrighted material 
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Pro§rairviming Technique* 


-E 


IKR B f Increment negative number count 

SKIP : INK H j Increment pointer 

DCR C ; Decrement count 

JNZ BACK ; If count * 0 repeat 
MOV A,@ i 

STA 2300H ; Store the result 

HLT j Terminate program execution 

lib Experiment 27 : Fki Hm lirjut of |hMi ntnnbsri. 

StlfllMCnl : 

Find Hie largest; number in a block of date. The length of the block is in memory 
location 22D0H and the block itself start from, memory location 2201H. Store the maximum 
number in memory location 2300H. Assume that the number in the block are all B bit 
unsigned binary numbers. 

Flowchart 



py righted material 
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Sample problem 

(220GH) = 04 
(2201H) - 34H 
f2202H) - ASH 
(2203H) = 7SH 
(22Q4H) - 56H 
Result - 12202L3 ;■ * ASH. 

Source program 

LDA 2200H 

MOV C,A ; Initialize counter 

XRA A ; MaxiKiuin = Minimum possible value = 0 

LXI H, 2201H ; Initialize pointer 

SACK : CMP M ; 3s number > maximum 

JM€ SKIP 

MOV A,W ; Yes , replace maximum 

SKIP i IWL H 

DCR C 
JN2 BACK 

STA 230QH ; Store maximum number 

hlt i Terminate program execution 


lab ixfirimenf IS ; Cwirf rnnbsr (f n«'i in > number. 

Stltmifl t Write a program to count number of l's in the contents of D legists and store 
the count m the B register, 

# 

Source program : 

MV2 S,Q06i 
MVI C,OSH 
MOV Pit 0 
BACK : PAR 

JMC SKIP 
I NR 0 

SKIP 2 DCR C 

JME BACK 
HIT 


Copyrighted material 



Microprocessor & Microcontroller System 4-12 ' : h :n: it Pmgr«niinlng^XMhlllqu<^ 


Flowchart 



Lflb E)ffsrim&nt 29 : Atftaga airbart ia the utaariiag ir4ir, 

Sftfimiif ; Write a program to sort giveft IQ numbers from memory location 22QGH In 
the ascending order. 

Source program : 



MV I 


09 

F 

Initialize counter 1 

START: 

LX I 

H, 

220GH 

F 

Initialize memory pointer 


wvj 

C, 

09B 

f 

Initialise counter 2 

BACK 5 

MOV 

A, 

M 

F 

Get the number 


I MX 

H 


3 

increment memory pointer 


CMP 

M 


# 

Compare number with newt number 


JC 

SKIP 


r 

If lees, don't interchange 


JZ 

SKIP 


£ 

If equal, don't interchange 


MOV 

D t 

M 




MOV 

M, 

h 




OCX 

H 





f riohl 
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MOV M, D 

IWK B t Interchange two numbers 

SKI P i DCS. € ; Decrement counter 2 

JWS BACK t If not zero, repeat 

dcr b ; Decrement counter 1 

STMtT J If not zero, repeat 

HLf f Terminate program, execution 

Flowchart 



py righted material 
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Ub Expirijfl&nt 10 : £glcilitj fie mm of s«rrit of tfin numbm, 

Statfiffliwf I Calculate the sum of series of even numbers from the list of numbers. The 
length, of the list is in memory location 220DH and the series itself begins from memory 
location 2201H. Assume the sum to be 8 bit number so you can ignore carries and Store 
the sum at memory location 2210H. 

Sample problem : 

22 DOH = 4H 

22B1H - 20b 

2202H = 15H 

2203 b - 13H 

2204H - 22K 

Result = 23+22 - 42b 

2210b - 42H 

Flowchart : 
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Source program : 




LDA 

22&0H 



MOV 

C r A 

r 

initialize counter 

MVI 

E, 00H 

i 

sum = 0 

LX I 

B t 2201B 

r 

Initialise pointer 

BACK : MOV 

Ah M 

J 

Get the number 

ANI 

0lB 

+ 

r 

Mask Bitl to Bit? 

JMS 

SKIP 

P 

Don't add if number is ODD 

MOV 

Ah B 

j 

Get the sum 

ADD 

K 

r 

BUM - SIM + data 

MOV 

Eh A 

i 

Store result in B register 

SKIP i INX 

w 

r 

increment pointer 

DCR 

C 

jr 

Decrement counter 

JNZ 

BACK 

J 

if counter 0 repeat 

£TA 

2210B 

i 

store sum 

HLT 


r 

Terminate program execution 


tab Experiment 31 t Cifcufiti rbi nn ef iiHn af dd mnthiri. 


StitiBWHt : Calculate the sum of series of odd numbers hern die list of numbers. The 
length of the list is in memory location 2200H and die series itself begins from memory 
location 2201 H. Assume the sum to be 16-bit Store the turn si memory Location^ 2300H 
and 2301H, 


Sampla program : 

2200H - 4ti 

2201B = $m 

22Q2U - 52B 

2203H - dm 

2204H - 3FH 

Result - 8 m 

23O0M - SIR 

2301E « 01H 

Source program 

LPA 2200R 
MOV C, A 
LX I H r 2201H 
MVI En 00 
MOV 0, E 
BACK i MOV A, M 
AN I 01H 
02 SKIP 
MOV A, E 
ADD M 
MOV E, A 
JNC SKIP 
I MR D 
IHX 1 
OCR C 


+ 3FH - C8H 
Lower byte 
Higher byte 


1 Initialise counter 
; itialise pointer 
l Sumlow ■* 0 
I Sumhigh “ O 
; Get the number 
; Mask Bit! to Bit? 
t Don't add if number is even 
t Get the lower byte of sum 
j Sum = turn + data 
; Store result in E register 

; Add carry to MSB off SUM 
; Increment pointer 
} Decrement counter 


righted 


5-rial 


I 


SKIP : 
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Programming Technique* 


JHZ 

BACK 

MOV 

A, E 

STA 

23QQH 

MOV 

A, D 

STA 

230111 

HLT 



Flowchart 


; Check if counter * 0 repeat. 

; Store lower byte 

j Store higher byte 
j Terminate program execution 
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III Experiment 32 : ftaJ rti tfsut ef gk» unkr, 


Slttwtat i Find square of tie given numbers from memory location 6100H and store 
tie result from memory location 7C0QH. 


Source Program : 


BACK : 


Flowchart : 


LXI R,6200H 
LXI D,G1Q0H 
LX I e r 7000Et 
LDAX D 
MOV L f A 
MOV A, M 
STM B 

I NX D 
I NX B 
MOV A t C 
CPI OSH 
JNZ BACK 
HLT 


; Initialize lookup table pointer 
i Initialize source memory pointer 
i Initialize destination memory pointer 
; Get the number 
; A point to the square 
; Get the square 

; Store the result at destination 
; memory location 
; increment source memory pointer 
; Increment destination memory pointer 

; Chock for last number 
; If not repeat 
i End of program 



Lookup Table 


Digit 

Square 

G 

OH 

1 

1H 

2 

4H 

3 

9H 

4 

10H 

5 

1SH 

6 

24 H 

7 

31H 

& 

4GH 

9 

SlH 


ipyrighi 


trial 
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Ub Etfporimflflt 33 : Sun! 4 byte i» a j}»i iinW< 

St«t«RM4it: Search the given byte in the list of 50 numbers stored in the consecutive 

memory locations and store the address of memory Location in the memory locations 
220GH and 2201H. Assume byte is in the C register and starling address of the list is 
200011. If byte is not found store 00 at 2200H and 2201 H. 


Scum? program : 



LXI 

Bj imm 

f 

Initialise memory pointer 


mi 

Bj. 52 H 

1 

Initialize counter 

BACK ; 

MOV 

Aj M 

P : 

Get the number 


CMP 

C 

w 

Compare with the given byte 


J t 

LAST 


So last if match occurs 


INX 

B 

f 

Increment memory pointer 


OCR 

B 

f 

decrement counter 


JMS 

B 

i 

If not zero, repeat 


LXI 

Hj, fiOOOH 




SHLB 22000 




JMP 

END 

r 

Store 00 at .220OH and 22Q1H 

LAST l 

SHLB 22Q0H 

f 

Store memory address 

END : 

HLT 


f 

Stop 


Flowchart: 
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Lab ExfSfiwant 14 : A4J tan talmil itinbin, 

Stiteniaf ; Two decimal numbers six digits each, are stored in BCD packed form. Each 
number occupies a sequence of byte in tire memory. The starting address of first number is 
6G0QH and second number is tilDOtf. Write an assembly language program that adds these 
two numbers and stores the sum in the,same format starting bom memory location 6200H, 

Flowchart 



ivriGhl 
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Source program : 

LXI tfj 6000H ; Initialize pointerl to first mwnber 

IXI D,610QH ; Initialize pointers to second number 

LXI B f 62QQH ; Initialize pointers to result 
STC 

CMC t Carry = 0 

BACK : LDAX D ; Get the digit 

ADD M ; Add two digits 

DAA ; Adjust for decimal 

STAX B ; Store the result 

IMX H ; Increment pointerl 

IMX D ; Increment pointer? 

IMX B ; Increment result pointer 

MOV A ( L 

CPI 06H ; Check for last digit 

JM2 BACK I l£ not last digit repeat 

MIT ; Terminate program execution 

life Expif 1 mgnt II ; A44 t««6 *twwft i1 *rr*y <rltl A# ilimah «f mfaw mwf. 

SWlNIMf : Add 2 arrays having ten B-bit numbers each and generate a third array of 
result It is necessary to add the fust element of array! with the fust element of array-2 
and so on, The starting addresses of array!, array? and airay3 ate 220GH, 2300H and 
2400H, respectively. 

Flowchart 
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Scum prog nun ; 


BACK 


LXI 

Kj 

2200R 

f 

LX I 

B, 

2300H 

J 

LXI 

Eh 

240CIH 

J 

LDAX 

; s 


f 

ADD 

M 


} 

STAX 

: d 


f 

IKX 

H 


I 

INX 

B 


T 

I NX 

D 


f 

MOT 

A, 

L 

f 

CPI 

QM 


} 

JNZ 

BACK 

§ 

HLT 



1 


Initialize mereoiry pointer 1 
Initialize memory pointer 2 
Initialize result pointer 
‘Set the number front array 2 
Add it with number in array 1 
Store the addition in array 3 
Increment pointer1 
Increment pointer2 
Increment result pointer 

Check pointer! for last number 

If not, repeat 

Stop 


Ufa Expftrimtrtt 36 : Serrate mu aambart Hen §Evti lumktrt. 

fWlMlrt l Write an assembly language program to separate even numbers from the 
given list of 50 numbers and store them In the another list starting from 23Q0H. Assume 
starting address of 50 number list is 22QQH- 


Flowchart (See on next page) 


Source program ■ 

LXI B* 2200H j 

LX I D, 230011 t 

MVI C, 32H $ 

BACKS MOT AjM / 

ANI 01H ? 

SKIP } 

MOV A, H ; 

STAX 0 i 

WK & f 

SKIP: IMX H 

OCR C ? 

JNZ BACK i 

ULT ? 


Initialize memory pointer! 

Initialize memory pointer2 

Initialize counter 

■Get the number 

Check for even number 

If ODD, don't store 

■Get the number 

Store the number in result liit 
Increment pointer 2 
increment pointer! 

Decrement counter 
If not zero r repeat 
Stop 


Lib ExpMimtflt 37 i Trtarfar wkiti ft mftrliff bg turnery fafockf, 

Sftl mw H I Write assembly language program, to with proper comments for the following 
: A block of data consisting of 256 bytes is Stored in memory starting at 3000H, This block 
Is to be shifted {relocated) in memory from 3tS0H onwards. Do not shift the block or part 
of die block anywhere else in die memory. 

Source program r 

Two blocks (3000 - 30FF and 30® — 31 4F) are overlapping. Therefore it is necessary to 
transfer last byte first and first byte last. 


avnqhte 
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Flowchart (For Lai Experiment 36) 




HVI C, i Initialise counter 

LXI K, 3QFFH ; Initialise source memory pointer 

LX I D, 314FH t initialise destination memory pointer 
BACKi HOV A r M i Get byte from souree memory block 

STAX D ; Store byte in the destination remery 

; block 

OCX K ; Decrement source memory pointer 

OCX ; Decrement destination memory pointer 

P€K C ; Decrement counter 

JNZ BACK ; If counter # G repeat 

MLT ; Stop execution 



righted 
























Microprocessor 4 Microcontroller System 4 - 23 


Programming Techniques 


Ub Experiment IS : lnuriiiig thf*s fa t gim* array if dtiruftn. 

S+atiiKBivI ; Write an 8085 assembly language program to insert a siring of four characters 
from the tenth location in the given array of 50 character*. 

Solution : 


Stop 1 : Move bytes from location 10 till the end of array by four bytes downwards. 


Stop 2 : Insert four bytes 


AGAIN 


RBPE 


LXI 

H, 

2131H 

LXI 

0, 

2135N 

MOV 

fit 

M 

STAX 

; d 


OCX 

D 


OCX 

H 


MOV 

At 

L 

CPI 

0BH 

JNS 

AGAIN 

!NX 

H 


LXI 

D, 

2200H 

LDAX 

: d 


MOV 

M r 

A 

INX 

D 


I NX 

H 


MOV 

A r 

E 

CPI 

04 


JNZ 

HLT 

REPE 


at locations HO, 11, 12 and 13. 

; Initialize pointer at the last location 
} of array* 

; Initialize another pointer to point the 
; last location of array after insertion* 
l Get the character 
; -Store at the new location 
l Decrement destination pointer 
t .Decrement source pointer 
f 1 check whether desired bytes are 
shifted or not]! 
i if not repeat the process 
i adjust the nffimory pointer 
; initialize the memory pointer to point 
i the string to be inserted 
; Get the character 
; Store it in the array 
; Increment source pointer 
f increment destination pointer 
* ( check whether the 4 bytes 
; are inserted! 

; if not repeat the process 
; stop 


Lib Experiment 19 : Deleting string la t glvin imf #f ehirittiri. 


StlflMHt : Write an 8085 assembly Language program to delete a siring of 4 characters 
from the tenth location in the given array of 50 characters. 


Solution i Shift bytes from location 14 till the end of array upwards by 4 characters i.e. 


from location 10 onwards. 
LXI H ( 210DK 

LXI O r 2 10 911 

MOV A, M 
STAX D 
I NX D 
im h 
MOV h t h 


; Initiali -26 source memory pointer at the 14 th 
t location of the array. 

t initialise destination memory pointer at the 
j- 10 th location of the array. 
t Get the character 
; Store character at new location 
t increment destination pointer 
/ increment source pointer 
t f check whether desired 
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CPI 32H ; bytes are shifted or not] 

Jfl Z RE PE ; if not repeat the process, 

HLT f stop 

Lab Experiment 40 : Add parity fcif f« 74tt ASCII thtnelin. 

Slitinifli i Add ev®n parity to a string of 7-bit ASCII characters. The l^igth of the string 
is to memory location I040H and. the string itself begins in memory location 2041H- Hues 
even parity in the most significant bit of each character. Draw a flowchart and write an 
SOBS assembly language program with, comment for each instruction. 

Flowchart 



/ s \ 

dwacte? 
counter 0 1 
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Source program : 



LXI 

H h 2D40H 




MOV 

C r M 

l 

Counter far character 

REPEAT : 

I NX 

K 

f 

* 

Memory pointer to character 


MOV 

A, M 

# 

Character in accumulator 


ORA 

A 

1 

•QRing with itself to check parity. 


*JP0 

PAREVEM 




ORI 

S0B 

r 

If odd parity place even parity in 




1 

D7 {80)* 

FEREVEN i 

MOV 

M, A 

+ 

.r 

Store converted even parity character. 


OCR 

C 

a 

Decrement eou nte r* 


JNZ 

REPEAT 

f 

If not zero go for next character. 


RLT 


i 

Terminate program execution 


Lit ExftriUltnt 41 l Pud ft» number • t Mgrtin, me til piFtln iimbara. 


StlifMRt' A list of 50 numbers is stored in memory, starting at 6QGQH. Find number of 
negative, zero and positive numbers from this list and store these results hr memory 
locations 7000H, 7QQ1H, and 7002H respectively. 


Source program 



LXI 

H, 6000H 

■r 

Initialize memory pointer 


HVI 

C r 00H 

f 

Initialize number counter 


MV I 

B, OC'H 

1 

Initialize negative number counter 


MVl 

B, 00 H 

J 

Initialise zero number counter 

BEGIN: 

MOV 

h f M 

f 

Get the number 


CPI 

00H 

f 

If number * 0 


JZ 

ZERONUM 

f 

t 

Goto zeronum 


ANI 

■I0R 

p 

If MSB of number ■ 1 i*e. if 


JNZ 

NEGNUM 

|r 

number is negative goto NEGNUM 


INR 

D 

P 

otherwise increment positive number 




+ 

i 

counter 


JMP 

LAST 

J 


SEMONUM: 

INR 

E 

#■ 

Increment zero number counter 


JMP 

LAST 



mom?. 

INR 

S 

» 

r 

Increment negative number counter 

LAST : 

INK. 

H 

f 

Increment memory pointer 


INR 

C 

# 

Increment number counter 


MOV 

A, C 




CPI 

32 U 

f 

r 

II number counter = 50 16 then 


JNZ 

BEGIN 

f 

Store otherwise check next number 


LXI 

H, 7000 

} 

Initialize memory pointer. 


MOV 

M, B 

i 

# 

Store negative number. 


I NX 

E 




MOV 

Mr E 

£ 

Store zero number. 


INK 

H 




MOV 

Mr D 

; 

Store positive number. 


RLT 





>py 


riahl 


trial 
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Flowchart 



Lab EKperimenf 42 t Multiply two eijbt bit unbort with ihifl aid add maikoj. 

Sfelemaat : Multiply the 8-bit imsigned number in memory location 2200H by the 8-bit 
unsigned number in memory location 2201H. Store the 8 least significant bits of the result 
in memory location 2300H and the 8 most significant bits in memory location 1301H 
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Sample problem 


< 2200 ) 

< 2201 ) 


Multiplicand 

1100 ( 12 „) 


■ 1100 tOCH) 

= 0101 (OSH) 

Multiplier 
0101 (5 lfl > 


Result 

12 x 5 - 60 lfl 


For simplicity, multiplicand and multiplier are taken 4-bit each. 


Step* 

Product 

Mjltiprter 

Comments 


By % Bs 

B, 

B a 

*2 

Si 

Bn 

CY 





D 

D 

B 

B 

a 

□ 

El 

El 

IB 

Kl 

i 

El 

D 

Initial stage 

Step 1 

m 

D 

D 

Q 

B 

a 

El 

Q 


i 

D 

i 


Shift toft by 1 


m 

□ 

D 

a 

a 

a 

a 

B 


i 

D 

i 

a 

Dent Add. since CY ■ O 

i Step 2 

0 

0 

0 

0 

0 

0 

0 

o 

a 

0 

i 

c 

0 

Shift 


0 

0 

0 

0 

1 

i 

0 

0 

D 

0 

i 

c 

0 

Add myUjpicHEwi Sines CY « 1 

S tep 3 

0 

0 

0 

i 

1 

0 

0 

o 

II 

1 

o 

o 

0 

Shift Ml by 1 


0 

0 

0 

i 

1 

0 

0 

o 

IB 

i 

0 

□ 

a 

Don** Add since CY=0 

Stef 4 

0 

o 

1 

1 

0 

0 


El 

II 

D 

□ 

□ 

H 

Shift left by 1 


0 

0 

1 


1 

1 


B 

a 

D 

B 

B 

0 

Add multiplicand Since CY ■ 1 


Source program 





LX I 

Hj 

2200)1 

if 

Initialize the memory pointer 


MOV 

E, 

M 

w 

Got multiplicand 


MV I 

Dj 

00« 

f 

Extend to 16-bits 


I NX 

1 


p- 

J 

incnnant memory pointer 


MOV 

A, 

M 

; 

Get multiplier 


LX I 

H, 

000 OH 

I 

Product * 0 


MVI 

B, 

OSH 

a - 

initialize counter tfith count S 

MULT: 

DAD 

H 


# 

Product ■ product x 2 


HAL 






JUC 

SKIP 

jp 

la carry from multiplier 1 1 


DAD 

D 


p 

yes, Product “Product + Multiplicand 

SKIP: 

BCR 

B 


X 

la counter = zero 



MOLT 

/ 

no, repeat 


SHLD 23O0B 

X 

Store the result 


HLT 



X 

End of program 


I( 
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Flowchart z 



Ub Experiment 43 : DMA 16-Ht Minhir wfHt iinta itlig thUtlpg fvdH^w, 

JtflfMat : Divide the 16-bLt unsigned number in memory locations 22D0H and 2201H 
(most dgnifkant bits lit 2201H) by the S-bit unsigned number in memory location 2300H 
store the quotient in memory location 2400H and x&ma fender In 2401IL 

Assumption : the most signiBcant bite of both the divisor and dividend are zero. 
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Sample problem : 


For simplicity, dividend and divisor are taken 8-bit and 4-bit respectively 
Dividend - 0110 0001 {61K) Divisor = Clll (0?H) 


a 

Dividend 

Quotient 

Comment 


b f Sa 0 4 

&3 Ej B 

1 

&3 &2 & t 




D 

1 

t 

0 

0 

a 

0 

— 

t 

0 

0 

0 

0 

Initial stage 

Step 1 

i 

1 

0 

a 

D 

a 

1 

0 

0 

D 

E 

D 

Shift left 


0 

1 

0 

i 

0 

0 

1 

0 

0 

0 

0 

i 

MSB of dividend = MSB dividend — divisor 
ami Quotient = Quotient + 1 since 

MSB of dividend * divisor 

Step 2 

1 

0 

1 

0 

□ 

1 

9 

0 

0 

0 

1 

0 

ShBt Ml 


B 

0 

1 

1 

0 

1 

0 

0 

0 

0 

1 

1 

MSB of dividend = MSB dividend - divlrof 
and Quotient = Quotient + 1 slice 

MSB of dividend > divisor 

Step 3 

O' 

1 

1 

□ 

1 

a 

9 

a 

E 

t 

1 

0 

Shift toft 


0 

1 

1 

D 

n 

a 

0 

a 

E 

i 

1 

D 

No tfiwifle sines MSB Of dividend < divisor 

Step 4 

1 

1 

D 

t 

0 

0 

0 

0 

i 

i 

0 

a 

Shift left 


I 

1 

i 

0 

a 

0 

0 

1 

i 

i 

0 


MSB of dividend ■ MSB dividend - divisor 
end Quotient = Quatianl + 1 since 

MSB of dividend * divisor 


Source program 





MVT E, 

00 

r 

Quotient - 0 


LHLD 220OH 

7 

Get dividend 


LDa 2300 

i 

Get divisor 


HOT B, 

a 

P 

Store divisor 


MVI C, 

0E 

t 

Count - S 

NEXT; 

pap H 


r 

Dividend = Dividend x 2 


MOV A, 

E 




RLC 





MOV E, 

A 

r 

Quotient = x 2 


MOV A, 

K 

f 



SOB B 


f 

Is roost significant byte of Dividend 




UP 

> divisor 


JC SKIP 

t 

No, go to Next Step 


MOV H„ 

A 

* 

r 

Yes, subtract divisor 


3 NT? E 


r 

and Quotient = Quotient + 1 

SKIP: 

OCR C 


» 

# 

Count - Count - 1 


JNZ NEXT 

/ 

Is count = 0 repeat 


HOT A t 

E 




STA 240111 

f 

Store Quotient 
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MOV A f K 

STA 2401H ; Store remainder 

iILT l End of program. 

Flowchart: 



III Ex^irimetf 44 j Sisiliti PM ininriiet 

ftvhmvt ; Assume the DAA instruction is absent. Write a subroutine which will perf™ 
the same task as DAA instmctkio 

Copyrighted material 









M teroprocwo r ft i ttmuc w itf oile r System 4*31 Programming Techniques 

Flowchart: 



Sample praMam : 

Left us am the oKutum of D AA instruction. 

L If the value of the low order four bits (Da -Da) hi the 11030101119107 is greater than 9 
or If auxiliary carry flag ii set, the instruction adds A (06) to toe low-order tow 
bite. 

2* H toe value of toe high-order four bite (D 7 - D«) in toe accumulator is plater than 
9 or if carry Hag is set, toe instruction adds 6(06) to toe high-order four bite. 


riqhted material 
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Note ' To check auxiliary carry flag it is necessary to get the flag register contents to 
Q«i& of the registers and then we can cheek the auxiliary carry flag by checking bit 4 of 
that register. To get the flag register contents in any general purpose register we require 
stack operation and therefore stack pointer is initialized at toe beginning of toe Source 
program. 


Source program : 

LXI SP r 27FFH 
MOV E,,A 
AMI 0FH 
CPI flA H 
JC SKIP 
MOV A, E 
ADI 06H 
JMP SECOND 
SKIP: POSH PSW 

POP a 


MOV A f C 

AMI 10H 
JZ SECOND 
MOV A h E 
ADI 06 

SECOND: MOV E, A 

AMI FQH 

me 

me 

me 

RRC 

CPI 0A ti 
JC SKIPI 
MOV A r E 
ADI 60 H 
JMP LAST 
SKIPI; JNC LAST 
MOV A, E 
ADI 60 H 
LAST; KLT 


; Initialise stack pointer 
; Store the contents of accumulator 
; Mask upper nibble 

; Check if number is greater than S 
; if no go to skip 
; Get the number 
; Add 6 in the number 
; Go for second check 
; Store accumulator and flag contents 
? in stack 

! Get the contents of accumulator in B 
; register and 

F " flag register contents in C register 
; Get flag register contents in 
; accumulator 
f Check for bit 4 
; if zero, go for second check 
; Get the number 
; Add 6 in the number 
; Store the contents of accumulator 
; Mask lower nibble 


; Rotate number 4 bit right 
; Check if number is gr€;ater than 9 
; if no go to skip 1 
; Get the number 
; Add 6fi H in the number 
; Go to last 

; if carry flag - 0 go to last 
; Get the number 
; Add 60 H in the number 


tab ExptfimMt 45 : ft*§rw* ft t«t RM 

SfittBHjft; Write an assembly language program with proper comments to perform 
following opera bans : 

To test RAM by writing '1' and reading it back and later writing f 0 f (zero) and reading 
it bade RAM addresses to be checked are 40FFH to 4QFFH- to case of any error, it is 
indicated by writing OlH at port 1QH, 


'TIQrT 


iterial 
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Source program : 

ImXI h, 4000tl ; 
BACK : MVI M r FFM 

MOV A r M ; 

CPI FFH 
JNZ ERROR ; 

I NX H 
MOV R r H 
CPI 5 Oil 
JNZ RACK 
LSI K, 40O0H ; 

BACK! i MVI M, 00H ; 

MOV A, M 
CPI 00H ; 

INK H 
MOV A, H 
CPI SOH 
JN3 BACK1 ; 

HLT 


Initialize memory pointer 
Writing *1* into RAM 
Reading data from RAM 
Chec k fo r ERROR 
If yes go to ERROR 
Increment memory pointer 

check for last check 
If not last repeat 
Initialize memory pointer 
Writing ’0' into RAM 
Reading data from RAM 
Check for ERROR 
Increment memory pointer 

Check for last check 
If not last, repeat 
Stop execution 


Ub Experiment 46 : Hffffli it iiiimbJf livgaigi program tv gaunt# fibonaui nnm1 m f. 


MVI 

E>, 

COOMT 

f 

Initialise 

counter 

MVI 

B, 

00 

P 

Initialize 

variable to store previous 




P 

number 


MVI 

c, 

01 

1 

Initialize 

variable to store current 




t 

number 


BACK i MOV 

A, 

E 

P 

|Add two 


ADD 

C 

gF 


numbers ] 


MOV 

&, 

c 

t 

Current number is now previous number 

MOV 

c, 

A 


Save result 

. as a new current number 

DCR 

D 


r 

Decrement count 

JNE 

BACK 

? 

if count # 

0 go to BACK 

RLT 



+ 

f 

Stop. 



4,2 Timers 

In the real time applications, such as traffic light control, digital dock, process control, 
serial communication, if is important to keep a track with time. For example in traffic light 
control application, it is necessary to give lime delays between two transitions- These time 
delays are in few seconds and can be generated with the help of executing group of 
instructions number of times. This software timers are also called time delays or software 
delays. Let us set how to implement these time delays or software delays, 

As you know microprocessor system consists of two basic components, Hardware and 
software. Hie software component controls and operate the hardware to gjet the desired 
output with the help of instructions. To execute (fuse instructions, microprocessor takes fix 
lime as per- the instruction, since it is driven by constant frequency dock- This makes It 


ay norite 


ih 


stria! 
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possible to introduce delay foe specific tune between two events. In the following section 
we will see different delay implementation techniques. 

4,2.1 Timer Delay using MOP Instruction 

NOP instruction does nothing but takes 4T states of processor time to execute So by 
executing NOP instruction in between two instructions we can get delay of 4 Testate 


Operating frequency of 3035 

4,2,2 Timer Delay using Counters 

Counting can create time delays. Since the execution times of the instructions used in a 
counting routine are known, the initial value of the counter, required to get specific time 
delay can be determined. 

Using S bit eouiitar - 

Number of T-states 

MVI C, count Load count 1 T-states 

BACK : DCR C : Decrement count 4 T-states 

JUS BACK: t If count # 0, repeat 10/7 T-states 

In this program, the instructions DCR C and JN2 BACK execute number of times 
equal to count stored in the C legists. The time taken by this program for execution can 
be calculated with the help of Ttgtates, The column to the tight of the comments: indicates 
the number of T-states in the instruction cycle of each instruction. Two values are specified 
for file number of T-states for the JNZ instruction- The sm al ler Value is applied when the 
condition is not met, and the larger value applied when it is wet The first instruction MVI 
C, count executed only once mid it requires 7 T-states. There are count -1 passes through 
die loop where the condition is met and control is transferred back to the first instruction 
in the loop (OCR Q- The number of T-states that elapse while C is not zero fire 
(count -1) x (4+10). On the last pass through [he loop, the condition is not met and the 
loop is terminated- The number of T States that elapse in this pass are 4 + 7. 

/. Total T-states required to execute file given program 

■ 7 + (count -1) k (4 + 10 ) + (4 + 7) 

MVI C Loop* Last loop 

For count = 5 

Numbs of T+state = 7 + (5 - 1) < (14) + (11) 

* 7 + Sfe + 11 
= 74 

Assuming operating frequency of ®0®5A Is 2 MHz, 

Hate required for 1 T-state = 2 MHi 

■ 05 jJBGC 
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Total time required to execute the given program =74* 0,5 psec. 

o 37 prec. 

Maximum delay possible with 8 bit count 

Hie maximum count that can be loaded in the 8 bit register is FFH (255) so fee 
maximum delay possible wife 8 bit count, assuming operating frequency 2 MHz 

* (7 + (255 - 1) x (14) + (ll)) >- 05 pec, 

- 1787 psec. 

Wife these calculations, it can be noticed feat delay wife 8 Ml count suitable for small 


delays, and not for large delays. 




Using IS bit counter : 








Number of T-states 

LXI B, count 

i load 16 bit count 

10 

T-states 

BACK l DCX B 

f Dec content 

count 

6 

T-states 

MOV A, C 

r 


4 

T-statea 

ORA B 

7 logically 

OR B and C 

4 

T-states 

JEM BACK 

t If result 

is not 0, repeat 

10 

T-atates 


In fete program, fee instructions DCX B, MOV AjC, ORA B and JNZ BACK execute 
number of times equal to count stored in BC register pate. The instruction LXI B, count is 
executed only once. It requires 10T-states. The number of T-srtates required for one loop 
■8+4+4 + 10 = 24 T-stales. The number of T-states required for East loop 
= 6 + 4 + 4+ 7 = 21 T-states- So total required for execution of given program 

are 

= TO + (count-1) * 24 + 21 

LXI B Loops Last loop 

for count = 03FFH (1023 ja) 

Number of T-states = 10 + (1022) *24+21 
* 24559 

Assuming operating frequency of 8085 A as 2 MHz, the time required for, T state ^ 0-5 
jjsee. 

Total time required to execute fee given program 

= 24559 x 0J ps«C 
= 122793 nsec 

- 12,2795 msec 

Maximum delay possible with IS bit count 

The maximum count feat can be loaded in fee 16 bit register pair is FFFFH (65535 H). 
So fee maximum delay possible with S bit count,, assuming operating frequency 2 MHz. 

- 10(10 + (655535 - 1) x (24) + (21)) * 0.5 psec 
= 0.786425 sec 

If fee application requires fee delays more fern fete, then the nested loop technique is 
used to implement the delays. 
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4,2.3 Timer Delay using Nested Loops 

In this, there are more than one bops, The ismeomost. loop is same as explained above. 
The outer bop sets the multiplying count to the delays provided by the innermost loop. 

Number of T states 

MVI E t Multiplier count ; Initialize multiplier 1 7 T-states 

START; MVi c, Delay count ; Initialize delay count 7 t- states 

BACK; DCR C ;■ Dedremertt delay count 4 T-at&tes 

JHS BACK ; if not Oj- repeat ID/7 T-states 

DCR B ; decrement multipliercount 4 T-states 

JN& START j If not Q f repeat 10/7 T-etates 

T-staies required for execution of inner loop 

Timar = 7 + (Delay count - 1 ) x 14 + 11 
T-states required for execution of the given program 

- (Multiplier count - 1) x (Tjmw +14) +11 
For delay count - 65H (101) and multiplier count 

- 51H(81) 

Tte# ■ 7+(101 - 1) x 14+11 
= 1418 

Total time required to execute die given program 35 
(Operating frequency is 2 MHz) = 1(81 - 1) x (1418 + 14) +11] x 0.5 psec. 

- 5?.2S$5 msec, 

Ul Exptrimnt 47 : Q*i«nfw a Mtf rf 0-4 

HtfUBial i Write a program to generate a deky of 0,4 sec if the crystal frequency is 
5 MHz. 

Sol. ; In 8085^ the operating frequency is half of the crystal frequency. 

Operating frequency - 5/2 = 2.5 MHz 

Time for one T-state - ■ - 0,4 psec 

Required Time 0.4 sec. 

Number of required = f,™ forTFlSte = SX^. 

= Ixlp 6 


Delay program 

LXE 

B, count 

; 16-bit count 

BACK; 

DCX 

B 

; Decrement count 


MOV 

ORA 

A, C 

B 

; Logically OR B and C 


JRZ 

BACK 

i If result is not zero repeat 




1 x 10 s = 10 + (count - 1) x 24 + 21 
( 1x10 s - 31 1 

count ® | 24 + 1 “■ 41666to 


} dvt i orre-c 

TJ o 1 


;n 
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count =s 416^6^ 

- A2C2H 

Lab Exftelffflftnt 48 I Sfiurati mJ Ji*yl«y binary Bp uonlir. 

ftttMMif l Write a program for displaying binary up counter. Counter should count 
numbers from 00 to FFH and it should increment after every 0.5 sec. 

Assume operating frequency of BOSS equal to 2 MHz. Display routine is available. 

SoLution : 

LXI SP, 27FFH ; Initialize stack pointer 

KVI C* 00H ; Initialize counter 

BACK: CALL Display ; Call display subroutine 

CALL Delay $ Call delay subroutine 

IHR C ! Increment counter 

MW A f C 

CPI ODH } Check counter is > FFH 

JWZ BACK ; If not, repeat 

HLT ,■ Stop 

Delay subroutine : 

Delay; LXI D, count ; Initialise count 

BACK: OCX D ; Decrement count 

MOV A r E ; 

ORA D ; Logically OR D and B 

JNZ BACK ; If result ii not 0 repeat 

RET ; Return to main program 

Flowchart 



py righted material 
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Qper-ating iTequetiey ■ 2 MHz 

Time for one T-siate = - Oii pec 

Rt^fiiired, Time 0.5 sec 

Number of T-states required - Time forlT-mic “ 

1 x 10* = 10 + (count - 1) x 24 + 21 
count = | — Vn ■ —■ 1+1 = 41666ici 


IxlO 6 


f lxl 0 ( -31 ) 


count - 41666 11 ) - A2C2H 


Ub Ex^trimitf 49 : Autfttt ml rfixpla j BCD q unt*r fri^Hiq 1 He, 

: Write a program jfor displaying BCD up counts. Counter should count 
number^ front 00 to 99H and it should increment after every 1 sec- Assume operating 
frequency of BOSS equal to 3 MHz, Display routine is available. 


Solution : 

LXI SP, 27FFH 

J 

Initialize stack pointer 

MVI C r QQH 

r 

Initialize counter 

BACK: CALL- Display 

r 

Call display subroutine 

CALL Delay 

i 

Call delay subroutine 

MW A f C 

} 


ABi , 01 

f 

Increment counter 

BAA 

r 

Adjust it for decimal 

MOV C,ft 

S 

Store count 

CPI ,00 

i 

Cheek count is > 99 

JMS BACK 

J 

If not, repeat 

HLT 

r 

Stop 

□■lay subroutine ; 

Delay: MVI B, Multiplier- 

- count ; Initialize multiplier count 

backIi LXI d, initialise 

Count 

BACK: OCX D 


; Decrement count 

MOV A, E 


a 

* 

ORA B 


i Locally OR D and E 

JNE BACK 


; If result is not 0, repeat 

CClt fi 

JMS‘BACKl 


i Dec raiment multiplier count 


i If not zero, repeat 

RET 


j Return to main program. 

Operating frequency : 3 MHz 

time for one T«®tate = j MHl = 0333 pec 
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Flowchart 




Required. Time 

Number of T-states required - = 3 * 3()4 

1 VX 

0.j33|isec 

Let us take multiplier count = 3. 

3x10^ 

No, of T-states required by inner loop = —3- = lxW‘ 

r\ 1 xlQ* = 10 + (count - 1) x 24 + 21 

- 4166610 

count s 4166610 » A2C2H 

Ub Experim«iit SO : Oimnti «ai dliplay Bit 4nw ciwfrr with fr«q««ncf t Hi 

Slatinutt: Write a program for displaying BCD down, counter. Counter should count 

numbers from 09 to 00 and it should decrement after every 1 sec. Assume display and 
delay routines are available. 


□vriqhl 


ih 


-rial 
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Solution i Flowchart : 



□sCremenl arid adjust counter 
lor iLs dEcirnal value 


CED 



Source program with logic 1 : 

LX I SP H 27FFH 
MV I A r 99H 

BACK: CALL Display 

CALL Delay 
ADI 99H 
DAA 

CPI 99H 
ONE BACK 
HIT 

1 Addition, l 


i initialize stack pointer 
1 Initialize counter 
; Call display subroutine 
; Call Delay subroutine 
i * [Explained later) 
j Adjust for decimal 
} Compare with last count 
} if no* repeat 


1001 

1001 

90H 

■+ 100-t 

ICOt 

SSH 

10011 

0010 


DAA + 0110 

0110 


1001 

1C00 

96H 


Program with logic 2 : 

LX I SB, 27FrH 
MYT C p 99B 

BACK; Call Display 
Call Delay 


i initialize stack pointer 
; initialize counter - 99 
; Call display subroutine 
; Call delay subroutine 


I 
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SKIPs 


HOV 

A, C 

f 

Get the count 

AN! 

0FH 

/ 

Check for lower nibble 

JMZ 

SKIP 

l 

If it is not DPR go to skip 

MOV 

A, C 

X 

Else get the count 

SB I 

06 

X 

and subtract 6 

MOV 

C r A 

+ 

X 

Store the count 

DCR 

€ 

X 

decrement count 

MOV 

A, C 

X 

Get the count 

CPI 

99H 

X 

Check it for last count 

JHS 

BACK 

X 

If not, repeat 

HLT 


X 

Stop 


lab Experimant SI : 6en«nt« irnJ iitfkf tin con^feAts tl tatlml ceinter. 

IhtiHfl ; Write assembly language program to with proper comments for the following 
: To display decimal decrementing counter (99 to 00) at port 05 H with delay of half 
seconds between each count. Write m well the delay routine giving delay of half seconds. 
Operating frequency of microprocessor is 3.072 MHjs. Neglect delay of the main program. 


Source program : 

MV I C r 99H 

BACK; MOV A r C 

AN I OF 

CPI OF 
JN3 SKIP 
MOV A,C 
SOI 06 
m d,a 
SKIP; HOV h f C 

0OT 05 
CALL Be la y 


; Initialise counter 

W 

; Mask higher nibble 

; Subtract 6 to adjust decimal count 


send count on output port 
Wait for 0.5 seconds 


DCR 

C 

X 

decrement count 

MOV 

h, C 



CPI 

FF 



JNE 

BACK 

F 

If not zero r repeat 

HLT 


¥ 

Stop execution 

Delay subroutine : 




Delay: LXI 

D, Count 



Back:: OCX 

D 

i 

6 T-states 

MOV 

An 0 

i 

4 T" eta tee 

ORA 

E 

i 

4 T-states 

JNZ 

Back 

f 

10 T-states 

RET 





1 T-state = 


l 


1 


Operating frequency 3.072x10'® 


Copyrighted material 
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Number of T-states required = 

05 see. 

3 T 2552 x IQ -7 * 1 536x10 

1,536x10* * 

10 + (count - 1} x 24 + 21 

Count - 

1.536x10*-31 

34 —“+1 = 63999 70S 

= 

64000 

— 

FA00H 


lib Elt^filltlt 52 I Mastiff Ai mi mi uinit th jtiii Jalaf 

Stifmttf i The delay routine given below is in inTmilc loop, identify the error, Correct 
the program, give the machine cycles and T states of each instruction and also find the 
maximum delay generated- Assume 1 "T" state = 320 ns. 

DELftY : LX I JLM 

Ll i DCS H 

jua u 

Solution : 1) The Mult in the above program is at instruction JNZ Ll. Hus condition 

always evaluates to be true hence loops keeps on executing and hence infinite loop. 

21 Reason for Infinite looping i - The instruction DCX H decrease the HL pair count 
one by one but it does not affect the zero flag, So when count readies to 0000H in HL pair 
zero flag is not affected and JMZ Ll eval ua tes to be true And loop continues. Now HL 
again decrements below Q000H and HL becomes FFFFH and thus execution contmues. 


3) Hie modification in the program is as follows : 


No, of T states 


DELAY i LX1 H, N ; Load 14 bit count 

Ll : DCX H ; Decrement count 

MOV A, L ; 

ORA H i logically OR H and L 

JSI.E Ll j It result i,s not 0 repeat 

Total m- of T state required for program execution are 
= 10 + (count - 1) x 24 + 21 

LXI H + Loops Last Loop 


-I 10 Testates 
-a 4 T-statea 
-> 4 T-states 
—► 4 T-states 
-* 10 T-states 


T-states for maximum delay = ? 


Now maximum count that can be loaded in 16 bit register pair is FFFFH (65535JT) So 
[T-states for max, delay = 10 + (65535 - 1) x 24 + 211 

- 1.57247 k 10* 


Time for I T state 
Max , delay 


320 ns 

1.575247 x!0 fi x 320 ns 
0.50407904 seconds 


TIQhl 
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4.3 Code Conversion 

This technique allows programmer to translate a number represented using one coding 
system to another. For example, when we accept any number bom die keyboard it is in 
ASd code. But tor processing, we have to convert this number In its hex equivalent The 
code conversion involves some basic conversions such as 


* BCD to binary conversion 

* Binary to BCD conversion 

* BCD to seven segment code conversion 

* Binary to ASCII convemon and 

* ASCII to binary conversion 

4.3.1 BCD to Binary Oonvorston 

We are more familiar with the decimal number system. But the microprocessor 
understands the binary/hex number system. To convert BCD number into It® binary 
equivalent we have to use Ihe principle of positional weighting in a given number. 


Foe example : 67 = 6 x 0AH + 7 

= 3CH + 7 - 43H 

To perform above operation it is necessary' to separate an 8-bit packed BCD number 
frito two 4-bit unpacked BCD digits : BO?; and BCPj and then Oottvift each digit into iti 
binary value according to ft® position®. Finally, add both binary number® to obtain toe 
binary equivalent of toe BCD number. Lei us see the program for 2-digit BCD to binary 
conversion. 


Ui Exp«ri*«itt 53 ; 1- Dijit BCP t# Misty (hhrEh. 

IftfpiaH ; Convert a 2-digit BCD number stored at tnematy address 2200H into its 
binary equivalent number and stove the result in a memory location 23O0H, 


Bom pie problem 

(220 OH) - 67H 

(230QH) - 6 x OAH + 7 *r 3CH + 7 - 43H 


Bourn program : 

LDA 2200H 
MOV E r A 
AMI OFH 
MOV C, A 
MOV A r B 
AMI FOB 

sac 

sac 


; Oat the BCD number 
; Save it 

; Mask most significant four bits 
; Save unpacked BCD1 in C register 
; Get BCD again 

; Mask least significant four bits 
; Convert most significant four 
; bits into impacted 6CD2 


avnqhte 
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SUM : 


Flowchart 


RRC 


f 


me 


J 


MOV 

B r A 

r 

Save unpacked BCD2 in B register 

XRA 

A 

j 

Clear accumulator (sum - 0) 

MVI 

B, DAH 

/ 

Set D as a multiplier o£ 10 

ADD 

D 

i 

Add ID until |BJ - D 

DCR 

a 

r 

Decrement BCD2 by one 

jm 

SUM 

* 

Is multiplication complete l 



f 

it net, go back and add again 

ADD 

c 

r 

Add BCD! 

STA 

220OH 

s 

Store the result 

HIT 


T 

Terminate program execution 



4.3.2 Binary to BCD Conversion 

We know that microprocessor processes data in the binary term. But when it is 
displayed, it is in the BCD term. In Oils cas e we need binary to BCD conversion of data. 
The conversion of binary to BCD is performed by dividing the number by the power of 
ten. 


3PV 
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For example, assume the binary number as 
0111 1011 (7BH) = m 10 

To represent the immber in BCD requires twelve bite or three BCD dLgite as shown 
below 


i23 10 = om mm 0011 

Digits digitj digit*. 

The conversion can be performed as follows 

Slap 1 r If the number is equal to or greater than 100, divide number by 100 fie, 
subtract 100 repeatedly until khe remainder is less than 100). Hie quotient 
gives the most significant digit, digit 2 of the BCD number. If number is less 
than 100 go to step 2. 

5 top 2 : If the number Le, remainder of Erst division is equal to or greater than 10 

divide number by 10 repeatedly until the remainder is Jess than 10. The 
quotient gives the digit 1- If number is Jess 'than 10, go to step 3. 

Step 3 : The remainder bom step 2 gives the digit 3, 

Let us see the program for binary to BCD conversion. 


Lib Experiment 54 : Btiury to BCD eantnii*. 

StetolHlt: Write a main program and a conversion subroutine to convert the binary 
number stored at 6000H into its equivalent BCD number. Store the result horn memory 1 
location 6100H- 


Sampte problem : |GD00}H = 8AH 


i. 

§AH > 

84 H 

([tecimal 

too) 


8AH/64H -* 

Quotient 

- 1 


26H < 

64H 

{Decimal 

100} 

2. 

26H > 

0AH 

(Decimal 

105 


26H/DAH -* 

Quotient 

= 3 


OSH < 

0AH 

{Decimal 

10} 

3. 

Digit 

0 - 

OflH 



Divide by 64 H { Decimal 100} 
Remainder ” 

goto step 2 end Digit 2 = 1 
Divide by 0AM (Decimal 10 5 
Remainder = 0@H 

goto step 3 and Digit 1 = 3 


Source program 

LXI SP r 27FFH 
LDA 6000H 
CALL BIN TO BCD 
HLT 


Initialize stack pointer 
Get the binary number in accumulator 
Call subroutine BIN TO BCD 
Terminate program execution 


'riante* 


trial 


I 
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Flowchart 



Subroutine to convert binary number into its equivalent 
BCD number 
BIH TO BCD ; 

PUSH B ; Save BC register pair contents 

PUSH & ; Save D£ register pair contents 

MVI B, 64B r Load divisor decimal 100 In S register 

MV I C r BAH ; Load divisor decimal 10 in C register 

MVI 0,00b s initiallt# Digit 1 

MVI E, 00H ; Initialise Digit 2 

STEPl : CMF B t Check if number < Decimal 100 

JC STEP 2 ; if yes go to step 2 

SUB B ; Subtract decimal 100 

I NR E ; update quotient 

JMF STEPl i go to step 1 
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STEPS 


STEP 3 


CMP 

C 

1 

Chock if number < Decimal 

10 

4C ; 

STEP 3 

J 

if yes go to step 3 


SUB 

C 

jr 

Subtract decimal 10 


INK 

D 

+ 

# 

Update quotient 


JMF 

STEP 2 

J 

Continue division by 10 


STA 

6100H 

i 

Store Digit 0 


MOV 

A r 0 

1 

Get Digit 1 


STA 

6101H 

J 

Store Digit 1 


MOV 

A, E 

/ 

Get Digit 2 


ST A 

6102H 

J 

Store Digit 2 


POP 

D 

/ 

Restore DB register pair 

contents 

POP 

B 

f 

Restore BC register pair 

contents 

RET 


# 

Return to main program 



41,3 BCD to Sevan Segment Conversion 

Many t im es 7-5egment LID display is used to display the results or parameters in the 
microprocessor system. In such cases we have to convert the result or parameter in 
7-segment code, This conversion can be done using look-up technique. In the look-up table 
the codes of the digits (0-9) to be displayed are stored sequentially in die memory. The 
conversion program locates the code of a digit based on its BCD digit Let us see the 
program for BCD to common cathode 7-segment code conversion. 

Lib Experiment 55 : Tit! ifa* 7-t*ginnrt »Jn fir gim tmteft. 

jfltCMMt l Find the 7-segment codes for given 5 numbers from memory location 60Q0H 
and store the result from memory location 7QOOH. 


Sdurm program 



LXI 

R t 

620 OH 

initialise lookup table pointer 


LXI 

0, 

600 OH 

Initialise source memory pointer 


LXI 

B, 

7OO0B 

Initialize destination memory pointer 

BACK; 

LDAX 

0 

. 

Get the numbe r 


MOV 

L, 

A 

A point to the 7-segment code 


MOV 

k t 

M 

Get the 7-segment code 


STAX 

B 


Store the result at destination memory 





location 


1MX 

D 


increment source memory pointer 


I NX 

a 


Increment destination memory pointer 


MOV 

k f 

C 



CPI 

QSH 

Check for last number 


JN2 

BACK 

X f not repeat 


HLT 



End of program 
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Flowchart : 



Lookup TflWo 


DHgtl 

Coda ! 

a 

3F 

i 

OB 

2 

56 

3 

4F 

4 

m 

5 

m 

6 

70 

7 

m 

1 

w 

9 



4.3.4 Binary to ASCII Code Conversion 

The ASCI Code (American Standard Code for Information Interchange) is commonly 
used for communication. In such case* we need to convert binary number to Its ASCII 
equivalent It is a seven bit code. In this code number 0 through '? ate represented as 30 
through 39 respectively and. letters A through Z are represented as 41H through 3AH. 
Therefore, by adding 30H we can convert number into its ASCII equivalent and by adding 
37H we can convert letter to its ASCn equivalent. Let us see- the program for binary to 
ASCII code conversion. 


Lab Etyerimant 56 : Fill tfca ASCII thincfir. 

Slatinriit : Write an assembly language program to convert the contents of the five 
memory locations starting from 20QGH into an ASCII character. Place the result in another 
five memory locations starting from 22jQQH. 


0V 

r J 


righted 


trial 
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Flowchart 


CED 


initialize source memory 
pointer 


Enitislize Etestlnettem memory 
pointer 


I 


inllipIlwcwH ■ § 

—J. 


Gel 'the rwmber 


CAUL ASCii 


* 

■Deereirneint muw 

> ■_ 

em@moiyp«er 1 



.Dwretronl dteslinai 

1 

Joe memory poinier 1 

l-—- 1 


lb 



i 

Store the number 



T 


Numfeer - fltimtoer * 30 


rtoit**r st number + 37 


C "O 



Sample problem 

tZQOOEi) = 1 
C2001HJ - 2 
I2QQ2H) - 9 
C2003HJ = A 


i= T “ ^-r = - 

{20O4H3 = B 

Result 

(2200H.J 


(2201H) 

- 32 


(2202b) 

- 39 


(2203H) 

- 41 


(2204US 

- 42 
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Subroutine Documentation ; 

Subroutine • AS OT converts a hexadecimal digit to ASCII, 

Passing parameter : The digit is passed using accumulator. 

Return value : hi the accumulator. 

Register used : Accumulator, 

Stack used : From 27FEH to 27PDH 

Source program : 

LXI SP, 27FFH 
lxi h h ?mon 
LXI D # 22P0H 
MVI C, OSH 
BACK; MOV A, M 

CALL ASCII 
STAX D 
INK a 
I NX D 
OCR C 
JNZ BACK 
HLT 

ASCII: CPI # OAH 

JNC NEXT 
ADI 3OH 
JMP LAST 
NEXT: ADI 37M 

LAST: RET 

4,3.5 ASCII Code to Binary Conversion 

It is exactly reverse process to bttwy to A5CQ conversion. Here, if ASCII code is less 
Hum 3AH then 30H is subtracted to get the binary equivalent and if it Is in between 41H 
and 5AH then 37H is subtracted to get the binary equivalent of letter (A-F), 

4.4 BCD Arithmetic 
4.4.1 BCD Addition 

Hie addition of two BCD numbers can be best understood by considering the three 
cases that occur when two BCD digits are added. 

Sum equals 9 or less with cany 0 

Let us consider additions of 3 and 6 in BCD. 

^ 0 110 <- BCD for 6 

+ 3 0 01 1 i- BCD for 3 


; Initialize stack pointer 
; Source memory pointer 
2 Destination memory pointer 
; Initialize the counter 
; Get the number 
r Call subroutine ASCII 
r Store result 

; Increment source memory pointer 
2 increment destination memory pointer 
2 Decrement count by 1 
2 if not zero, repeat 

2 Stop program execution subroutine ASCII 
2 Cheek i£ number is OAH 
; If yes goto next otherwise continue 


2 Return to main program 


9 


10 0 1 


*- BCDfdr^ 





I- 
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The addition is carried out as in normal binary addition and the sum is 1 0 0 1, which 
is BCD code for 

Sum greater then 9 with cany 9 

Let us consider addition of & and 8 in BCD 
6 0110 4- BCD for 6 

+ B 1 0 0 0 ^ BCD for fl 

14 1110 <t- Invalid BCD number (1110) > 9 

The sum 1 1 ! 0 is an invalid BCD number. This has occurred because the stun of the 
two digits exceeds 9* Whenever this occurs the sum has to be corrected by the addition of 
six (0110) in the invalid BCD number,, as shown below 


6 

0 110 

4~ BCD for 6 

+■ 8 

1 O'0 0 

4— BCD for 8 

14 

1110 

4— Invalid BCD number 


0 110 

Add 6 for correction. 

0 001 

010 0 

4- BCD for 14 


After addition of 6 cany is produced into the second decimal position. 

Sum equals i or less with carry 1 

Let us consider addition of 8 and 9 In BCD 

8 1 0 00 *- BCD for S 

+ 9 10 01 «— BCD ter 9 

17 0 0 0 10 0 0 1 e- Incorrect BCD result 

In this, case, result (0001 0001) is valid BCD number, but if is Incorrect To get the 
correct BCD result correction factor of 6 has to be added to the least significant digit sum. 


as shown. 

8 

1000 

*- BCD for 8 

+ 9 

1 00 1 

BCD for 9 

17 

0 0 0 1 0 0 0 1 

4— Incorrect BCD result 

+ 

00000110 

f- Add 6 for correction 


0 0 0 1 0 1 1 1 

4r- BCD for 17 


Going through these three cases of BCD addition we can summarise the BCD addition 
procedure as follows : 

L Add two BCD numbers using ordinary binary addition. 

2, If four-bit sum is equal to or less than 9, no correction is needed. The sum is in 
proper BCD form. 


Vy 


ivrianted 


trial 
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3r If the four-bit sum is greater than 9 or If a cany is generated from the four-bit 
sum, the sum is invalid. 

4. To correct the invalid sum, add OTIOj to the four-bit sum. If a carry results from 
this addition, add it to the next higher-order BCD digit. 

The 8085 supports DAA (Decimal Adjust Accumulator) instruction for adjusting the 
result of addition to the BCD number. (See chapter 2 for DAA instruction), 


Ub ixftrinttf I? : MA h# a-rfiftt BCP nvbm. 


Sttfamaaf : Add two 2 digit BCD numhets in memory location 2200H and 2201H and 
store the result in memory location 2300H. Flo wc hart 


Sample problem 

(220CH) = 39 
(22G1H) - 4 5 

Result - (2 3 0 0 H) -39 + 45 
- 7E + 6-64 

(lower nibble Is greater than 9 so add 6) 


Source program 



lx: I 

H , 2 2 0 0 H 

f 

Initialise pointer 

mv 

h, M 

f 

Get the first number 

INX 

fl 


Increment the pointer 

ADD 

M 

w 

Add two nuiTibe rs 

DM 


f 

Convert SEX to valid BCD 

5TA 

230OH 

w 

Store the result 

HIT 


J 

Terminate program 




execution 



Ub Expgflmet! $Z : MAm 4-ll§lt BCD Huhn. 

Siftflmnt; Add two 4 digit BCD numbem in HL and PE register pair*? and stare result in 
memory locations, 2300H and 2301H. Ignore carry after 16 bit. 


Sample problem 

(HI) - 3629 
(DE) = 4739 

Step I : 29 + 38 ■ 61 and auxiliary carry flag - 1 
add 66 

61 + 06 - 67 


TIQhl 


trial 
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Flowchart 


step £ : 



36 + 47 + 0 {carry of L5B) = ?D 

Lower nibble o£ addltlQn ig greater than 9 

50 add € x 

7D 4 06 “ 83 

Result = 8367 
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Source program 

MOV A, L 
ADD E 
DAA 

STA 2300H 
MOV A, H 
ADC D 
DAA 

STA 2 301H 
HLT 


; Get lower 2 digits of no. 1 
s Add two lower digits 
; Adjust result to valid BCD 
; Store partial result 

; Get most significant 2 digits of no. 2 
; Add two most significant digits 
i Adjust result to valid BCD 
; Store partial result 
i Terminate program execution. 


4*4*2 BCD Subtraction 

When two BCD numbers are subtracted we can use DAA ins trued On for adjusting 
result to the BCD. Therefore, the subtraction of BCD number is carried out using IQ's 
complement or lQO'a complement method- 

Tbe 10's complement of a decimal number is equal to the 9's complement plus 1 and 
the 100's complement of a decimal number is equal to the 99's complement plus 1 The 99% 
complement of a number can be found by subtracting the number from 99, The steps for 
100's complement BCD subteachon are as follows : 

■ Find toe 100% complement of subtrahend. 

* Add two numbers using BCD addition. 

Let us see the program for subtraction of two BCD numbers. 


tab Experiment 59 : &bfri«ti»i if iw* BCD mabart. 


Slthmflflf : Subtract the BCD number stored in E register from the number stored in the 
D register. 


Source program 

MVI hf 99H 
SUB E 
INR A 
ADD D 
DAA 
HhT 


; Find the 99' s complement of subtrahend 
; Find IQO's complament of subtrahend 
; Add minuend to LCD's complement of subtrahend 
; Adjust fox BCD 
; Terminate program execution 


Lab Experiment 60 * Multiply two i-di|B BCD nwihan. 

Sttftntif : Write an assembly language program to multiply 2 BCD numbers. 


t load ICQ multiplier 
t initialize counter 
; Result " 0000 
; load multiplicand 


Source program 

MVI C, Multiplier 
MVI B, 00 
LXI H, 0000H 
MVI Ej, multiplicand 


Vy 


wriohtec 


trial 
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MV I 

0, 

00K 

; 

Extend to 16-bit3 

BUCK J DAP 

D 


X 

Result *— Result + Multiplicand 

MOV 

A, 

L 

I 

1 

Get the lower 

ADI, 

00 B 



byte of the result 

DAA 



s? 


Adjust it to BCD and 

MOV 

L f 

A 

# 


store it] 

MOV 

A, 

H 


[ 

Get the higher 

ACIh 

QOB 

X 


byte of the result 

DAA 



# 


Adjust it to BCD and 

MOV 

H, 

A 

X 


store it] 

MOV 

A f 

E 

X 

[ 

Increment 

ADI 

01 

H 

J 


counter 

BAA 



1 


adjust it to BCD and 

MOV 

Bf 

A 

X 


store it] 

CMP 

C 


J 

Compare if count - multiplier 

JNZ 

BACK 

X 

if 

not equal repeat 

HIT 



X 

Stop 


Review Questions 

1, IVfcfll do you mean by Looping, Ootmiing and Indexing ? Explain with Ifes kelp of example. 

2, Explain the need of software timers. 

3, Espktra Sam software delays caff be implemented using counters, 

4, List the common cade conversions required m die. microprocessor systems. 

5- Explain BCD to Binary aide emvemm technique and write 8085 assembly language program for 
the same, 

6, Explain Binary to BCD cade ammitm technique and write 8085 assembly language program fir 
the some, 

7, Explain BCD to Seven segment code corromion technique and write BBSS assembly language 
program fir the same. 

8, Explain Binary to ASCII cade conversion technique md mite 8085 assembly language program fir 
the sa me. 

9, Explain ASCII to Binary code cmvershm technique md write 8085 assembly language program fir 
She some, 

1ft Explain the procedure fir addition of too BCD numbers. 

Ur ,Eltsin; ffte procedure fir subtraction of two BCD numbers. 


□ □□ 
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The stack is a part of read/ write memory that is used for temporary storage of binary 
information during the execution of a program:. The binary information is basically the 
intermediate results and the return address In ease of subroutine calls. 

1, For the application programs, the internal memory of the micro process (registers) 
is not sufficient to store the intermediate results. These intermediate results can be 
stored temporarily on the stack and can be retested, back when required, 

2. A subroutine is a group of instructions, performs a particular subtask which is 
executed number of times. It is written separately. The microprocessor executes 
this subroutine by transferring program control to the subroutine program. After 
completion of subroutine program execution, the program control is returned back, 
to the main program, The use of subroutines is a very important technique in. 
designing software for trticroprocessor systems because il eliminates the need to 
write a subtasks repeatedly; thus it uses memory more efficiently, For 
implementation of subroutine technique, it is necessary to define stack. In the 
slack, the address of the instruction in the main program, which follows the 
subroutine call is stored. 

5.1 Concept of Stack and Subroutines 

This section explains the concept of stack and subroutines in detail 

5.1.1 Stack 

The stack is a portion of read/write memory set aside by the user for the purpose of 
storing information temporarily. When the information is written on the stack, the 
operation, is called PUSH. When the information is read from stack, the operation is called 
POP. 
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The microprocessor stores the information, much like stacking plates. Using this 
analogy of ^tacking plates it is. easy to illustrate the stack operation. 

Fig- SA shows the stacked plates. Here, we realize that if Lt is desired to take out the 
Hist stacked plate we will have to remove ail plates above the first plate ill the reverse 

order. This means that to remove first plate we will have to 
remove the third plate, then the second plate and finally the 
first plate. This means that, the first information pushed on 
to the stack is the last information popped off from the stack- 
This type of operation is known as a first m, last out (FTLO). 
This stack is implemented with the help of special memory 
pointer register. The special pointer register is called the 
stack pointer. During PUSH and POP operation, slack 
pointer register gives the address of memory where the information is to be stored or to 
be read. The stack pointer's contents are automatically manipulated to point to slack top. 
The memory location currently pointed by stack pointer is called top of stack- 

The stack pointer SP, is a 16-bit register in the 8Q85A which is manipulated by the 
microprocessor's control section, during stack related ingtructions- 

5-111 Stack Related Instructions 

The B085A supports following stack related instructions : 

LX I $P r date <18} : 

It initializes stack pointer with 16-bit address. 

SPHL : 

it copies the contents of HL register pair into Ebe stack pointer. 

PUSH rp ; 

It is used to write 16-bit data in the stack. 

POP rp ; 

Jt is used to read 16-bit data from the stack- 

CALL addr : 

It transfers the program control to the subroutine program after storing the return 
address in the stack. 

RET ; 

Tt reeds the return address from the stack and transfer* the program control back to 
the instruction following the CALL 



Tighten 


terial 
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INX SP : 

It increments die contents of stack pointer by ora. 

PAD SP : 

It adds the contents of stack pointer into the contents of HL register pair arid stores 
the result in the HL register pain 

XTHL i 

It exchanges the contents of memory location pointed by the stack pointer with the 
contents of L register and the contents of 'the next memory location with the contents of H 
register. 

Now we will see the detail operation and the use of these instructions. 

51,1.2 Detail Operation and the use of Stack Related Instructions 

LXI SP, Data and SPHL : Initializes Stack Pointer. 

Before execution of any stack related instruction, stack pointer must be initialized with 
a valid memory address. The stack pointer cam be initialized by two ways, 

1, Direct way ; LXI SP, data (16-bit) ; Loads 16-bit data into SP 

2. Indirect way :LXI H, data (16-bit) ; Loads 16-bit data into HL 

SPHL ; Loads the contents of HL into SP 

Normally, the stack pointer is initialized by the direct way. When a programmer 
wishes to set the stack pointer to a value that has been computed by the program, indirect 
way is used. The computed value is placed In H and L and Che contents of HL register 
pair then moved into the stack pointer. 

Note t 

1. The stack pointer can be initialized anywhere in the re; d/write memory map. 
However, as a general practice, the stack pointer is initialized at the highest 
Read/Write memory location bo that it will be less likely to interfere with a 
program. 

2„ Since the BOSSA's stack pointer is decremented before data is written to toe Stack, 
the stack pointer can actually be initialized to a value one higher than the highest 
read/write memory location available. 

POSH and POP j Temporarily stores the contents of register pair and program internal 
status word, and retrieves when required. 

When programmer realizes toe shortage of toe registers, he stores the present contents 
of toe registers in too stack with the help of POSH instruction and then uses the registers 
for other function. After completion of other function programmer loads the previous 
contents of the register from toe stack with toe help of POP Instruction, 
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PUSH Operation : In PUSH operation* 16-bit data is stored on the stack. This 16—bit 
data i.5 stored in two operations, In the first operation, stack pointer is decremented by one 
and then the higher byte of the 16-bit data is stored at the memory location pointed by 
stack pointer. In Ihe second operation, stack pointer is again decremented by one and then 
the lower byte of the 16-bit data is stored at the memory location pointed by stack pointer. 
The Fig, 5,2 shows steps involved in the PUSH operation. 





(a) Initial Position (b) Decrements SP & (c) Decrements SP & 

stores higher byte stores lower byte 

Fig. 5,2 Steps Involved in PUSH Operation 

Example 1 s The contents of PC register pair ate 1Q20H *n4 contents of stack pointer 
are 27FFH. Then alto: execution of PUSH B instruction the stack contents are as shown in 
the Fig, 5.3> 


27FCH 


27FCH 


27FCH 


27FOH 


2?IW 


SP —p- 27FPN 

20 

37FiH 


sp nfm 

10 

27FEH 

10 

SP —— 27FFH 


27FFH 


27FFH 



[a) Initial position 


(b) Dieramfifirli SP & (c) Dacfainent* SP i. 

tier** higher bytes stores, lower bytea 


Fig. 5.3 steps Involved lit PUSH Operation with example 

POP Operation : In TOP operation, 16-bil data is read from the slack. This 16-bit 
data is read in two operations. In the first operation, the contents from the memory 
location pointed by stack pointer are loaded into lower byte of register pair and then the 
stack pointer is incremented by one. In the second operation, the contents from, the 
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memory location pointed by stack pointer are loaded into higher byte of register pair and 
then the stack pointer is incremented by one- Fig. 5,4 shows steps involved, in the POP 
operation. 







LuVnSf byte 


bower b^ta 


Lowarbyte 

Higlwf byt« 

SP—t- 

Higher t:yle 


Higher &yt» 




SP —- 



(a) Initial position, (b) Increments SP and (c) Increments SP 

reads lower bytes reads higher bytes 

Fig. 5,4 Stops Involved In FOP Operation 

Example 2 : If the initial contents of stack and contents of stack pointer are as shown 
in Fig. 53 (a) then after execution POP B contents of BC register will be 3040 (B = 30H 
and C = 40H), 


27FCH 


37FCH 


27FCH 


SP — ^ 27FDH 

40 

27FOH 

40 

27FQH 

40 

27FEM 

30 

SP — ► 27FEH 

30 

27FEH 

JO ; 

271FFH 


27FFH 


SP —*■ 27FFH 



{a} Initial position, (ta) Increments SP and (c) Increments SP 

reads lower bytes reads higher bytes 

Fig. 5.5 Steps Involved In IPOP operation with example 


Example 3 r Let us consider the following program 


LX I 

SP, 

27FFH 

LX I 

B, 

2030H 

LXI 

D, 

4045H 

PUSH 

D 


PUSH 

B 


HGV 


C 

ADD 

E 


MOV 

D, 

A 

POP 

B 


POP 

D 



We will see the contents of stack and stack pointer after execution of each instruction 
in the above program. 


>py 


riahl 


trial 
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Instruction 1 : 

LXI SR 27PFM 


SP | 2W¥H l 


27 FGH 

27FDH 

27FEH 

27FFH 


IilitnKtion 2 : 


tX\ 3, 2GS0H 


3 


20 H 


C 


30 H 


Instruction 3: 


LXI D a 4050M 


0 


m H 


e 


£0 H 


Instruction 4: 

Z7FBH 
27FCH 
27FDH 
27FEH 
27FFM 


PUSH D 


SP 


27FDH 


50 H 


40 H 


Instruction 5 : 

PUSH B 

SP j| 27 FBHI ] 



27FBH 

27FCH 

27FDH 

27FE3H 


27 FFH 
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Instruction 6: 


MOV A, C 


A 


MH 


Instruction 7 : 

AD D D 


A 


BO Hi 


Instruction 8: 


MOV D. A 


O 


BOH 


Instruction 91 
POP B 


SP 


27FDH 


P 


20 H 


C 


30H 



27FSH 

27PCH 

27FDH 

27FEH 

27FFH 


Instruction 10: 



27FBM 

27FCH 

27FDH 

27FEH 

27FFH 


This program shows us how registers can fee used for more than one purpose. TMs 
program initializes the stack pointer at 27FPH and stores die original contents of BC and 
DE register pairs In the Stack, NOW registers B, Q D and E are free to use for intermediate 

Copyrighted 
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calculations Once these calculations are over, we can get back the original contents oi B, 
C D and E registers, from Stack by POP B and POP D instructions. We know that stack 
works in FfLO fashion, Therefore, the sequence of getting the contents back from the stack 
should be exactly in the reverse order that of the sequence of storing the contents in the 
stack. In this example the contents of BC register pair are stored alter storing the contents 
of DE register pah in the stack. But while getting the contents of register pairs horn, the 
stack, first BC register pair contents are retrieved and then DE register pair contents are 
retrieved, 

]*■#" Example 5.1 ; Earctertge the amtmts of BC and DE registers without using my other 
MPii general purpose register, 

Solution ; LX! SP, 27FFB 
POSH B 
PUSH D 
POP B 
POP D 

We witi see the contents of stack and stack pointer after execution of each instruction 
in the above program, 


Instruction 1: 

LX! SP, 27RFH 


$P J7FFH 


Instruction 7 -; 

PUSH E 


SP 27FDH 


Instruction 3 : 

PUSHO 


SP 27F0H 



Z7FBH 

27FCH 

27FDH 

27FEH 

27FFH 

27FBH 

27FCH 

2?FPH 

27FEH 

27FFH 

27FBH 

27FCH 

2TFBM 

27FEH 


Z77FH 
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Ins traction 4: 

pop e 


SP 


27FDH 


instruction 5: 

POPO 


SP 


£*FFH 



This program shows us that if you reverse the order of retrieving the contents from 
tire stack we will, not get the original contents of the register pairs. Here, the contents of 
DE and BC register pains wil be exchanged .after execution of the program. 

!*► Example 5.2 : Strife a program to load the flag register contents in C register, 

Solution ; We know that SOBS do® not provide any instruction to transfer the contents of 
flag register to any general purpose register. Therefore, to load flag register contents into 
any register, it is necessary to use stack. Following program explains how to use stack to 
load flag register contents in the C register. 

Program : 

LXI SP, 27FFH 
PUSH FSW 
POP B 

We wil see the contents of stack and stack pointer after execution of each instruction 
in the program. 


TIQhi 


trial 
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I nstmetion 1: 

UCI BP, 27FFH 


SP Z7FFH 


Instruction 2 : 

PUSHPSW 


SP 


27FDH 


Instruction 3 ; 

POPS 


SP ] 27FFH 



Z7FCH 

27FDH 

ZfFEHl 

27FFH 

27FCM 
27FDH 
27FEH 
2 TfTH 



CALL Address and RET ; Implements Subroutines 


Main program 



Whenever we need to use a group 
of instruction*; several times throughout 
a program there ere two ways to avoid 
rewriting of the group of instructions. 
One way is to write the group of 
instructions as a separate subroutine. 
We can then just CALL the subroutine 
whenever we need to execute that 
group of instructions. For calling the 
Subroutine we have to store the return 
address on the stack. This process takes 
some time- If the group of instructions 
is bit enough then this overhead lime 
and execution time are comparable- In 
such cases, it is not desirable to write 
subroutines. For these cases, we cut 
use macros. Macro is also a group of 


py righted materi 


Fig. 5.6 Program flow 
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instructions. Each tine we "CALL" a macro in our program, the assembler will insert the 
defined, group of instructions in place of the "CALL” An important point here is that the 
assembler generates machine codes for the group of irabrmetksis each time macro is caUed- 
So there is not overhead time involved in calling and returning from a subroutine. The 
disadvantage of macro is dial if generates in line code each time when the macro is called 
which takes more memory, 

5.1,2 Subroutines 

From Oh previous discussions, we know that the subroutine is a group of instructions 
Stored as a separate program in the memory and it b called from the main program 
whenever required. 

The 8085A microprocessor has two instructions to implement subroutines: CALL and 
RE!'. CALL -instruction is used to call a subroutine in the main program and MET 
instruction is the last instruction in the subroutine to return it back to the main program, 
Ttie CALL instruction saves the address of the instruction following it and then transfers 
the program control to the first instruction in the subroutine. When subroutine execution is 
completed the RET instruction, reads the return address .from the stack and transfers 
control back to tine instruction fallowing the CALL 


Main program : 

DELAY subroutine 


6QQQM 

LX I SFj 30Q0H 

6500H 

DELAY : 

MVI C, FFH 

6GQ3H 

- 

65Q.2H 

BACK : 

OCR C 


- 

65D3H 


JS3S BACK 


- 

6506H 


RET 

6010H 

CALL DELAY(650OH) 




6013H 






STACK 

STACK 


STACK 

-- 


2FFDH 


2FFDH 


2FFPH 


2FFEH 


SF—2FFEH 

13 

2FFEH 

13 

2FFFH 


2FFFH 

m 

2FFFH 

m 

SP—* 30D0H 


30Q0H 


SP—3M0H 



PC*— 6G1QH PC* — 65QCH PC*— 6013H 

Before execution of After execution of After execution of 

CALL instruction CALL instruction RET Instruction 


Fig, 5*7 Details in the execution of CALL and RETURN instructions 


Vy 


ivriQhted 
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Here, thy main program initialises stack painter at 30QOH memory location and 
executes instructions in sequence till the execution of CALL ira traction, Alter execution of 
CALL instruction program control is transfer red to the delay subroutine stored at memory 
address 6500H, Before transfer of control to the subroutine the address of the instruction 
{6013H) which is after the CALL instruction is stored in the stack. At the end of delay 
subroutine RET instruction is executed, which reads the return address (6013H) from, the 
stack and transfers the program control to (he instruction which is after CALL izwfruction- 

Conditional Call and Return Instructions ; 

In, addition to the unconditional CALL and RET Instructions, the 8085A instruction set 
includes eight conditional CALL instruction and eight conditional RET instructions, These 
conditions are checked by reading the status of respective flags If the condition associated 
with the conditional CALL is not met, the instruction following the CALL is executed. If 
the condition is met, the program counter contents are saved on the stack, and the address 
contained in the CALL instruction is loaded into program counter. The number of machine 
cycles and T-staies required by a conditional CALL depends on whether or not the 
condition is satisfied. When the condition is not satisfied, two machine cycles with a total 
of nine T-itate are required to fetch, decode and execute the instruction. When the 
condition is satisfied, five machine cycles with 18 T-state$ are required. 

Conditional CALL Instructions 


Instruction code 

Description 

Condition for CALL 

cc 

Call pa carry 

CY ■ 1 

CMC 

Call on nol carry 

CY ■ Q 

CP 

Cal on positive 

5 = 0 

CM 

Can on minus 

s = i 

CPE 

Call on parity even 

p -1 

CPQ 

Call on parity odd 

P = 0 

GZ 

Call do zero 

Z - 1 

GMSZ 

Call m not xere 

Z - 0 


ov 

r J 


righted 


atari al 


Table 5,1 Conditional calls 
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In case' of a onnditional return instruction, the sequence returns to the main program if 
the condition is met otherwise, the sequence in the routine is continued. 


Instruction cods 

Description 

Condition for RET 

RC 

Return on carry 

CY a 1 

FtNC 

Return on not cany 

CY = 0 

„ RP 

Return on positive 

S a 0 

RM 

Return on minus 

S = 1 

RPE 

Return on parity even 

P = 1 

RPO 

Return on parity odd 

P * 0 

RZ 

Return on zero 

Z* 1 

RNZ 

Return on not zero 

2 = 0 


Table 5.2 Conditions for ratum 


5.2 Parameter Passing Techniques 

We often want a subroutine to process some data or address variable from, the main 
program. For processing it is necessary to pass these address variables or data, usually 
referred to as passing parameters to the subroutine. There are four ways to pass 
parameters to and from the subroutine j 

1. Using registers 

2, Using general memory 
3.. Uatog pointers 

4. Using stack 

5,2.1 Passing Parameters using Registers 

The data, to be passed is stored in die registers and these registers are accessed in the 
subroutine to process the data. In this technique, the main program 'loads internal registers 
with appropriate values before calling the subroutine and subroutine then obtains these 
values by referring pre-deflned registers, as shown in the following example. 

Example : 

Passing Parameters Using Registers 

; Main program 

MVI C, <0SH ; Data to be passed is loaded in the 

register 

CALL SUB1 

MOV A, P ; Main program accesses result from 

; register, 
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r subroutine 


SUE! : 

MOV 

B, 

e 

i Subroutine accesses 
% register 

the data from C 


MOV 

REST 

D, 

A 

i stores result in 0 

register. 


5.2.2 Passing Parameters using Memory 

For the casts where we have to pass few parameters to and from a subroutine, 
registers are a convenient way to do it. However in cases where we need to pass a large 
number of parameters to subroutine we use memory. This memory may be a dedicated 
flection of general memory or a part' of stack- In this technique, the mam program loads 
the predefined memory locations with appropriate values before calling the subroutine 
and subroutine then obtains these values by referring these predefined memory locations, 
as shown in the following example. 


Example : 


Passing Parameters Using General Memory 

Main program 


; Subroutine 
SUBl: 


LX I 

H f 220QH 

+ 

r 

initialize memory pointer 


MVE 

M, 50H 

Jr 

Load data into memory 


CALL 

auBi 




LDA 

23QQH 

p 

Main program accesses result 

from 



5 

memory location 2300M. 


LDA 

220QH 

f 

Subroutine accesses the data 

from 



r 

memory location. 


STA 


r 

Scores result in memory location 



r 

238GK 


RET 






The subroutine program stores the generated results in, the memory locations before 
execution of RET. The main program accesses results from the these memory locations for 
further processing. 


5.2.3 Passing Parameters using Pointers 

hi this technique, the main program stores the parameters to be passed in the memory, 
usually in the consecutive memory locations. Then it loads the internal register pair or 
pre-defined memory locations with the starting address of the parameter list The 
subroutine obtains parameter list by accessing it in sequence from toe given address. 

Example ; 

Passing Parameters Using Pointers 

; Main, program 
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LXI H, 220OH i Initialise memory 
MOV M, A 

i m h 

MOV M, B 


1NX H 

MVI M, 30B 

« 

SHLD 300011 ; Store memory pointer 

CALL 5UB1 


; Sub-routine 

SOB I: LHLD 3OO0H ; Subroutine access pointer (address) to data 

MOV A, m 


RET 

5.2.4 Passing Parameters using Stack 

Hie stack can be used to pass parameters. To pass parameters to the subroutine using 
stack, it is necessary to push them on the stack before the call for the subroutine in the 
main program. The instructions in the subroutine read these parameters from die stack. 
Whenever the stack is used to pass parameters, it is very important to keep track of what 
is pushed on the stack and where the stack pointer points all the time in the program. 

Example : 

Passing Parameters Using Stack 
; Main program 

LJEI B, 1Q2QH t ioad BC register pair with 102011 
POSH B t Store BC register pair on stack* 

CALL SUB1 

} Subroutine 
SOB I 

POP H ; Store the return address into HI register 

; pair. 

POP B ; The subroutine accesses data from stack using 

i BC register pair* 

PCtiL ; Here it is not possible to use return 

; instruction, since stack pointer not pointing 
i the return address. But the address is available 
; in HL. Thus the PCM* instruction is Used to 
; transfer prog ram control to the main pro gram*. 

Example : Write a program to exchange the higher and lower nibble of ten S-bh 
numbers stored from location 22Q0H, Make use of subroutine and explain different 
parameter passing techniques. 

Copyrighted material 
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Solution : 

a) Parameter passing using register A 


Main program i 


LXI SB, 21 FFB 
LX 3 H, 2 ZD 0 H 
MV 3 C r OAH 
BACK; MOV A, M 

CAIiIi EXCHANGE 
MOV M, ft 
im El 
OCR C 
jm BACK 
HIT 

Subroutine program : 


} Initializes stack pointer 
; Initialises memory pointer 
? Initializes counter 
i Stores number (passing parameter) 

; in A register 
; Calls subroutine exchange 
; Stores the result from register A 
! Increments memory pointer: 

; Decrement* counter 
; If not aero, repeat 
; Stop 


EXCHANGE; RLC 
RLC 
RIiC 


RLC 


Rotate 4 times left to exchange 
the nibbles 


RET 


Return to the main program 


b) Passing parameters using memory location 


Main program ; 

LXI SR, 27 FFH 
LX 1 H, 22 QQH 
MVI C r OAH 
BACK : MOV A, M 

STA 230 OH 

CALL EXCHANGE 
LDA 2300 H 
MOV M, A 
INK H 
OCR C 
JN 2 BACK 
HLT 

Subroutine program : 

EXCHANGE: LDA 230 DH 

RLC 
RLC 
RLC 
RLC: 

STA 2300 H 
RET 

c) Pissing parameters using pointier 


Initialises stack pointer 
Initializes memory pointer 
initializes counter 
Gets the number 

Stores the number (parameter) at 
23D0H 

Calls subroutine exchange 
Gets the result 
Stores the result 
Increments memory pointer 
Decrements counter 
If not zero, repeat 
Stop 


Gets the parameter 


Rotate 4 times left to exchange 
the nibble® 

Store the result 
Return to main program 


0V 

r J 


righted 


rial 
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lx i sp, 2 7 FFff 
LX 1 H, 2200 f 1 
mx C, PAH 
BACK: 5HLD 2 JOOH 

CALL EXCHANGE 
IHX H 
DC ft C 
JMS BACK 
HIT 

Subroutine program : 

EXCHANGE: LHLB 2300B 

MOV h, M 
RLC 
SEC 
RLC 
RLC 

MOV M„ A 
RET 

d) Passing parameters using stack. 

LXI SP, 27FFH 
LXI H , 22 DOR 
MV I €, DAH 
BACK : MOV A, M 

POSH PSW 

CALL EXCHANGE 
MOV M r A 
I NX H 
DCR C 
■711% BACK 
HLT 

Subroutine program : 

EXCHANGE: POP H 

POP PSW 

RLC 

RLC 

RLC 

RLC 

PGBL 


Initializes stack pointer 
initializes memory pointer 
Initializes counter 
Store pointer to passing 
parameter 

Calls subroutine exchange 
Increments memory pointer 
Decrements counter 
If not zero* repeat 
Stop 

Gets pointer to parameter 
Gets number 


Rotate 4 times left to exchange 
the nibbles 
Stores the result 
Return to main program. 

Initializes stack pointer 

Initializes memory pointer 

Initializes counter 

Gets the number 

Stores number in stack as a 

parameter 

Calls Subroutine exchange 
Stores the result 
Increments memory pointer 
Decrements counter 
If not zero repeat 
Stop 


Stores return address in HL 
Gets the number in accumulator 


Rotate 4 times left to exchange 
the nibbles 

Return to main program. 


5.3 Subroutine Documentation 

Subroutine program must provide enough Information so that other users can utilize 
the subroutine without having to examine its internal structure. So along with subroutine 
program it is necessary to give the following guidelines. 



m 
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1. Description of the purpose of the subroutine 

2. A list of passing parameters 

3. Return value 

4. Registers and memory and memory locations used 

5. Sample code 

If these guidelines are followed while writing the subroutine then the subroutine can 
be easily used as a library function in other applications if required. 

5.4 Advanced Subroutine Concepts 

When one subroutine calls another 
subroutine to complete a particular task, 
the operation is called nesting. The second 
subroutine may in Iran cal a third 
subroutine and so on each successive CALX 
without an intervening return creates an 
additional level of nesting, These routines 
are called nested subroutines Fig. 5.8 
shows tiue transfer of control with nested 
subroutines- 



Flg, 5.B Transfer of control with nested 
subroutines 


Nested subroutines are commonly classified as ; 

* Re-entrant Subroutine 

* Recursive Subroutine 


5.4.1 Re-entrant Subroutine 



Fig. 5,9 Flow of program execution for 
re-entrant subroutine 


In some situations it may 
happen that subroutine! is 
called horn main program, 
subroutine! is called from 
subroutine! and subroutine! is 
again called from subroutine^ 
In this situation program 
execution flow re-enters in the 
subroutine!. This type of 
subroutines are called 
re-entrant subroutines. The 
flow of program execution for 
re-entrant subroutine is shown 
in Fig. 5.9. 


ipvriqhted material 
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5.4.2 Recwgive Subroutine 

A recursive subroutine Is a subroutine which calls itself. Recursive subroutines are 
used to work with complex data structures called trees. If die subroutine is called with N 
{recursion depth) = 3, then die N is decremented by one alter each subroutine CALL and 
die subroutine is called until N = 0. Fig. 5.10 shows the flow diagram and pseudo code for 
recursive subroutine. 


SUBROUTWE SLJWtOOTiHg SUBROUTINE. 
MAWUNi RECURSIVE RECURSIVE RECURSIVE 



FHri) 

DECREMENTN 
Caul recursive 

Fire 

RETURN 

Flg.§ .10 Flow diagram and pseudo coda for recursive subroutine 
Limitations : 

The level of subroutine nesting cannot exceed that supported by the available stick 
memory In the system. Since the stack pointer is usually initialized to 0* highest available 
read/write memory location, and the stack grows toward lower addresses, it is possible 
drat tew many PUSH or CALL operations without a sufficient number of intervening FOP 
or RET operations result in die overflow of stack. For example, assume that read/write 
memory allocated in the System, for Stack has address range fscm 2000H to 27FFH- to this 
case,, if stack grows beyond 2D00H then it is called as overflow of stack. Care must be 
taken in memory allocation and program design to prevent this. 


Ill Ixpifintif 61 : Iths §Ivm afutiti* 

Sttflntrf : Write a program to solve following equation 
)£ = fPx® + (RxS} 

Assume F, Q, R and S numbers are stored at 2200H, 2201IL 2202H and 220@H memory 
locations respectively. Store the result in memory locations 22Q4H and 22G5H. Make use of 
subroutine. 

+ 
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Flowchart : 


Start j 


Initigiliie slack, pointer 







Gel the values of 
P&Q 





Cell multiply 





| Store re&uft t 





Get the val ues erf 

R ft. S 





Cell multiply 




Add rCsulL 1 and rt&ull 2 






Store final result 



GD 


Main program : 

LXI SP, 27FFH 
LXI H, 22QOH 
CALL MULTIPLY 
SHLP 22Q4H 
LKI H, 2202 H 
CMiL MULTIPLY 
KCHC 

LMLD 2204H 
DAD D 
3HLD 2204H 
HLT 

Multiply subroutine : 

MULTIPLY- MOV C, M 

MVI D r 00H 


; Initialise stack pointer 
; initialise memory pointer 
; Call subroutine multiply 
; Store the result 1 

i Set memory pointer for next two numbers 

l Call subroutine multiply 

i Save result in PE register pair 

; >&@t the result 1 

j Add result 1 and result 2 

; Store final result 

} Stop 

; Initialize number 1 as a counter 


>pyrigh! 


trial 
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INX H ; 

MOV E, M ; Get nuiraber 2 

LS£1 R, 0000H ; Result = 0 

BACK i DAD D ; Result = Result + nunsberi! 

OCR C ; Decrement counter 

JNZ BACK ; If not zero, repeat 

RET } Return to main program 

Review Questions 

1. IWmI b stack ? Explain the me of the stock, -tfnrf pointer md fum they me effected by 

jnstnufions such ns PUSH, POP, CALL ottd RET, 

2. Wfwl is subroutine ? Hmo is ft wsjfwf 7 Explain Uw urn stock in. CALL md RETURN 
instructions, 

3. The first four Instructions of a typical subroutine art r 

PUSH PSW, PUSH H 

PUSH B, PUSH D 

tVhdt rail fee the last five: instructions of the Subroutine^ Explain clearly. 

4. If the CALL md RET instructions are not provided in the 30S5, COuld it be pwsft'fer to write 
subroutine* for this microprocessor f if so how m3! you oft? md return from the subroutine ? 

5. Dimm the passing parameters techniques in the subroutine, 

6. Explain the necessity cf aubranline documentation. 

7. tV?Lal do you ptimn by ms,led subroutines 7 

8. Explain the re-entrant subroutine. 

9. Explain the recursive subroutine with the help of example. 

□□□ 
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6.1 Introduction 

The important components of any computer system are, processor, memory, and I/O 
devfeei (peripherals), The processor fetches festmetions (opcodes and gperends/dafe) from 
memory, processes them and stores results in memory. The other components of the 
computer Systran ( I/O devices ) may be loosely called the Jhput/Outpmt system. The 
main function of I/O system is to transfer information between processor or memory and 
the outside world, 

6.1.1 Input/Output System 

The Input/Output system has two major functions : 

* Interface to the processor and memory via the system bus, 

* Interface to one or more I/O devices by tailored data links 

For dear understanding refer Fig, 6,1, Links to peripheral devices are used to exchange 
control, status and data between the I/O system and the external devices. 



I/O Device 11 I/O Device I/O Device MO Device 
A II B 1 C D 



External I/O Devices 


Inks !e 
I/O Device 


Fig, 6,1 Generic model of computer system 

(f-1) 
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An important point tot is to be noted here is, an I/O system is not simply mechanical 
correctors for connecting different devices required in the system, to the system bus. It 
contains some logic for performing function erf communication between the peripheral (I/O 
device) and the bus. The I/O system must have an interface internal to the computer ( to 
the processor and memory ) and an interface external to the computer ( to the external 
I/O devices )- 

@,1,2 Requirements of I/O System 

The I/O system is nothing but toe hardware required to connect an I/O device to toe 
bus. It is also called I/O interface- The major requirements of an I/O interface are i 

1. Control and timing 

Z Processor communication 

3. Device communication 

4. Date buffering 

5. Error detection 

AH these requirements are explained here. The I/O interface includes a control and 
timing requirements to co-ordinate the flow erf traitor between internal resources { memory, 
system bus ) and external devices. Processor communication involves different types of 
signal transfers such as 

* Processor sends commands to toe I/O system which are generally the control 
signals on the control bus. 

* Exchange of data between toe processor and the I/O interface over the date bus. 

• The date transfer rate of peripherals is often much slower than that of toe 
processor. So it is necessary to check whether peripheral is ready or not for date 
transfer. If not, processor must wait. So it is important to know the status of 
I/O interface. Hie status signals such as BUSY, READY can be used for this 
purpose, 

• A number of peripheral devices may be connected to toe I/O interface Hie I/O 
interface controls the communication of each peripheral with processor. So it 
must recognize one unique address for each peripheral connected to it. 

The I/O interface must able to perform device communteation which involves 
commands, status information and data. 

Date buffering is also an essential task of an I/O interface. Date transfer rates of 
peripheral devices ore quite high than that of processor and memory. Hie data coming 
bom memory or processor are sent to an I/O interface, buffered and then sent to the 
peripheral device at its data rate. Also, date am buffered in I/O interface so as not to tie 
up toe memory in a slow transfer operation. Thus the I/O interface must be able to 
operate at both peripheral and memory speeds. 


'TlClht 
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Microprocessor & Microcontroller System § -1 


HO ansi Memory Interface 


I/O interface fa also responsible for error detection and for reporting errors to the 
processor. The different types of errors ate mechanical, electrical malfamcfions reported by 
the device such as bad disk track, unintentional changes to the bit pattern, transmission 
©note etc. To fulfil ail these requirements the important Mods necessary in any I/O 
interface are shown in Fig, 6,2, 


Interface lo system ©us Interface to external dovices 



I/O Interface 

Fig. 6.2 Glodk diagram of HO interface 


As shown in the Fig. 6.2, I/O interface consists of data register, status/control register, 
address decoder and, external device interface logic. The date register holds the data, being 
teaji&ferted to or from the processor. The stetus/oorttrol register ctinbiiu information 
relevant to the operation of the I/O device. Both data and status/control registers are 
connected to 'the data bus- Address lines drive the address decoder. The address decoder 
enables the device to recognize it® address when address appears on the address lines. The 
external device interface logic accepts inputs from address decoder, processor control UteS 
and status signal from the I/O device and, generates control signals to control the direction 
and speed of data transfer between processor and I/O devices. 

The Fig. 6.3 shows die I/O interface for input device and output device. Here, for 
simplicity block schematic of I/O interface is shown instead of detail connections. The 
address decoder enables the device when its address appears on the address lines. The 
date register holds the data being transferred to or from the processor. The status register 
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contain* information relevant to the operation of the I/O device. Both the data and status 
registers are assigned with unique addresses and they arc connected to the data bus- 


Bun 



Address lines 
□eta tines 
Cantrei lines 


I/O 

interlace 


(aji I/O interface for input device 



Address lings 
Dele lines 
CnntraS lines 



(b) l.'O interface for Output device 

Fig. 6.3 


6.1,3 I/O Ports 

The simplest form of I/O interface is an I/O port. The data transfer between 
microprocessor and input device is done with the hefp of input port- The data transfer 
between microprocessor and output device is done with the help of output port 
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I/O end Memory Interface 



Fig. 6.4 


It is used to nead dale from die 
input device such as keyboard,, Hie 
simplest form of input port is a buffer. 
The input device is connected to the 
microprocessor through buffer as shown 
in the Fig, 6.4, This buffer is a tri-state 
buffer and its output is available only 
when, enable signal is active, Wien 
microprocessor wants to read data from 
the input device (keyboard), the control 
signals from the microprocessor activates 
the buffer by asserting enable Input of 


(he buffer. Once the buffer is enabled, data from the input device is available on the data 


bus. Microprocessor reads tins data by initiating read command. 


Output port i 



It is used to send data, to -the output 
device such as display from the 
microprocessor. The simplest form of 
output port is a latch. The output device 
is connected to die mi croprocessor 
through latchr as shown in the Fig. 6.5, 
When microprocessor wants to send data 
to the output device, it puts the data on 
the data bus and activates the dock 
signal of the latch, latching the data 
from the data bus at the output of latch. 
It is then available at the output of latch 
for the output device. 


6.2 I/O Data Transfer Techniques 

In I/O data transfer, the system, requires the transfer of data between I/O devices and 
microprocessor using I/O interface. It uses various techniques to perform I/O operations. 
These are: 

• Program Controlled I/O or Programmed, I/O or Polled I/O. 

■ Interrupt Driven I/O. 

* Hardware Controlled I/O or DMA. 
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fi.2.1 Programmed I/O 

I/O operations will mean a data transfer between an I/O device and memory Or 
between an I/O device and the processor. If in any computer system I/O operations are 
completely controlled by the processor, then that system is said to be using 'programmed 
I/O'- When such a technique is used, processor executes programs that initiate, direct and 
terminate the I/O operations, including sensing device status, tending a read or write 
command and transferring the data. It is the responsibility of the processor to periodically 
check the status of the I/O system until it finds that the operation is complete. Let us 
consider the following example. 

The processor's software checks each of the I/O devices every so often. During this 
check, the microprocessor teste to see if any device needs servicing. Fig. 6.6 shows the flow 
chart for this. This is a simple program which services I/O ports A, B and C- The routine 
checks the status of I/O ports in proper aequence. It first transfers flue status of I/O port A 
into the aconnulator. Then the routine block checks the: contents of accumulator to see if 
the service request bit is set. If it is, I/O port A service routine is called. After completion 
of service routine for I/O port A, the polling routine moves on to test port 0 and the 
process Is repeated. This test and service procedure continues until all the I/O port status 
registers, are tested aM *tt foe I/O ports, requesting service ate serviced- Once this is done, 
the processor continues to execute the normal programs. 

The routine assigns priorities to the different I/O devices. Once foe routine is started, 
the service request bit at port A is always checked first. Once port A is eliecked, port A is 
checked, and then port C- However, the order can be changed by simply changing foe 
routine and thus the priorities. 

When programmed I/O technique is used processor fetches I/O related instructions 
from memory and issues I/O commands to I/O system to execute the instruction. The 
form of the instruction depends on the technique used for I/O addressing, ie. memory 
mapped I/O nr I/O mapped I/Q. 

As seen before r using memory mapped I/O technique, a memory reference inytiructfcte 
that causes data to be fetched from or stored at address specified automatically becuMI 
an I/O instruction if that address is devoted to an I/O port. The usual memory load and 
store instructions are used to transfer a word of data to or from an I/O port. 

When I/O mapped I/O technique is used., separate I/O instructions are required To 
activate READ I/O and WRITE I/O lines, which cause a word to be transferred between 
the addressed I/O part and the processor. The processor has two separate instructions., IN 
and OUT for I/O data transfer, e.g. the Intel BOSS microprocessor has two main I/O 
instructions. The IN port address Instruction causes a word to he transferred from I/O 
port having address specified, within foe instruction to register A (accumulator) of SOBS. 
The instruction OUT port address transfers a word from register A to I/O port having 
address specified within the instruction. 
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Fig. 6.6 Flowchart for I/O service routine 


When aft I/O instruction is encountered by the processor, the addressed I/O port .is 
expected, to be ready to respond the instruction, to prevent loss of information- Thus it is 
desirable for the processor to know the I/O device status (ready or not lor I/O data 
transfer). In programmed I/O systems^ the processor is usually programmed to test the 
I/O device status before ini tie ting a data transfer. 
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6.2.3 Comparison between Programmed I/O and Interrupt Driven I/O 


The Table 61 gives the comparison between programmed I/O and interrupt driven 
I/O. 


Sr. 

No, 

Programmed I/O 

interrupt Driven I/O 

1, 

In pnogrammad LO, processor has to check 
eacn I/O device In sequence and la effect ‘ask 1 
each one if tt reeds communication with the 
processor. This checking is achieved by 
continuous polling cycle and hence processor 
can mol execute cLher instructions in sequence. 

External asynchronous input to uSad lib tell the 
processor that I/O device needs its service and 
hence processor does net have to check 
whether I/O device meeds its sendee or not 

_ 

2 . 

During polling processor is busy and therefore, 
have serious end! deciemonlal effect on system 
throughput. 

En interrupt driven I/O. the processor is allowed 
to execute its mstructom In sequence and 
only stop to servsee i/O device when it is Wd 
to do ao by the device itself. This increases 
system throughput 

a. 

It to implemented wilhout interrupt hardwire 
support. 

It is implemented using internet hardware 
support. 

■ 

It does not depend on Interrupt status. 

Interrupt musl be enabled to process interrupt 
driven I/D. 

5 . 

It does not need Instieliaafen of stack. 

ft needs initialization of slack. 

6 

System throughput, decrease* as number of VO 
devices eonnected in the system increases. 

System throughput does not depend on 
number of I/O devices connected in the 
system. 


Table 6.1 Comparison between programmed ttQ and interrupt driven I/O 


€.2.4 DIMA Transfer 

In software control data transfer processor executes a series of instructions to cany out 
data transfer. For each instruction execution fetch, decode and execute phases are requifed. 
Fig. 6,8 gives the flowchart to transfer data from memory to I/O device. 

Thus to carryout these tasks processor requires considerable time. So this method of 
data transfer is not suitable for large data transfers such as data transfer from magnetic 
disk or optical disk to memory. In such situations hardware controlled data transfer 
techni que is used . 
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Jr 



There are two main drawbacks lit both the techniques, programmed I/O and interrupt 
driven I/O: 

L The I/O transfer rate is limited by the speed with which the CPU can test and 
service a device., 

2 . The time that the CPU spends testing I/O device status and executing a number of 
instructions for I/O data transfers can often be ‘better spent on other processing 
tasks* 

To overcome above drawbacks an alternative technique, hardware controlled data 
transfer can be used* 

6.2A1 Hardware Controlled Data Transfer 

In this technique external device is used to control data transfer. External device 
generates address and control signals required to control date transfer and allows 
peripheral device to directly access memory. Hence this technique is referred to as direct 
memory access (DMA) and external device which controls the data transfer is referred to 
as DMA controller. Fig, 6,9 shows that how DMA controller o p e ra tes in, a computer 
system. 


Tiqhi 
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CONTROLLER] 


Fig. 6.9 DMA controller operating in a microprocessor system 


62.4.2 DMA Idle Cycle 

When the system is turned on, the switches are in the A position, so the buses are 
connected from the processor to the system memory and peripherals. Processor then 
executes the program until it needs to read a block of data from the disk. To read a block 
of date from the disk processor sends a series of comman ds to the disk controller device 
telling it to search and read the desired block of date from die disk. When disk controller 
is ready to transfer first byte of date from disk, it .sends DMA request DRQ, signal to til® 
DMA controller. Then DMA controller sends a hold request HRQ, signal to the processor 
HOLD input "The processor .responds this HOLD signal by floating its buses and sending 
out a hold acknowledge signal HLDA, to the DMA controller. When the DMA controller 
receives the HLDA signal, it sends a control signal to change switch position from A to B 
This disconnects the processor from the buses and connects DMA controller to the buses. 

62.4.3 DMA Active Cycle 

When DMA controller gets control of the buses, it sends the memory address where 
the first byte of data from the disk is to be written. It also sends a DMA acknowledge, 
DACK signal to the disk controller device telling it to get ready to output the byte- PfcnaJJy, 
it asserts both the lOK and ME MW signals on She control bus. Asserting the lOR signal 
enables the disk controller to output the byte of data from, the disk on the data bus and 
asserting the MEMW signal enables the addressed memory to accept data from tire data 
bus. In this technique date is transferred directly from the disk controller to the memory 
location without passing through the processor or the DMA eon Erolfer. 
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Thus, the CPU is involved only at the beginning and end of the transfer, The data 
transfer m monitored by DMA controller, which is also called DMA channel. When the 
CPU wishes to read or write a block of data, it issues a command to die DMA module or 
DMA channel by sending the following information to the DMA chaniicl/controller : 

1} A read or write operation, 

2) The address of I/O device involved. 

3) The starting address in memory to read from or write to, 

4) The number of words to be read or written. 

6.2.5 Data Transfer Modes 

DMA controller transfer data in one of the following three modes : 

* Single transfer mode (cycle stealing) 

* Block transfer mode 

* Demand or burst transfer mode 

Single Transfer Mode 

In this mode device can make only one transfer {byte or word). After each transfer 
DMAC gives the control of all buses to the processor. Due to this processor can have 
access to the buses cm a regular basis. 

It allows the DMAC to time share the buses with the processor, hence this mod# is 
most commonly used. 

The operation of the DMA in a single transfer mode is as given below : 

1. I/O device asserts DRQ line when it is ready to transfer data. 

2. The DMAC asserts HLDA line to request use of the buses from the processor, 

3. The processor asserts HLDA, granting the control of buses to the DMAC. 

4. Ifie DMAC asserts DACK to the requesting I/O device and executes DMA bus 
cycle, resulting data transfer. 

5. I/O device deasserts its DRJQ after date transfer of one byte or word. 

6. DMA deasserts DACK line. 

7. The word/byte transfer count is decremented and the memory address is 
incremented. 

S. The HOLD line is deasserted to give control of all buses back to the processor, 

9- HOLD signal is reasserted to request the use of buses when I/O device is ready to 
transfer another byte Or word. The Same process is then 'repeated until the last 
transfer. 

10. When the transfer count is exhausted, terminal count is generated to indicate the 
end of the transfer. 




nqhti: 
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Block Transfer Mode 

In this mode device can make number of transfers as programmed in the word count 
register. After each transfer word count is decremented by 1 and the address b 
decremented or incremented by 1. The DMA transfer is continued until the word count 
"rolls over" from zero to FFFFH, a Terminal Count £TQ or an external END of Process 
(EOF) is encountered. Block transfer mode is used when the DMAC needs to transfer a 
block of data. 

The operation of DMA in block transfer mode b as given below ;; 

1. I/O device asserts DRQ line when it is ready to transfer data. 

2. The DMAC asserts H UM , line to request use of the buses from, the 
microprocessor. 

3. The microprocessor asserts HLDA, granting the control of buses to the DMAC. 

4. The DMAC asserts DAGC to the requesting I/O device and executes DMA bus 
cycle, resulting date transfer. 

3. I/O device deasserts its DRQ after date transfer of one byte or word. 

b. DMA deasserfe DACK Hue. ■ 

7. The word/byte transfer count is decremented and the memory address k 
incremented . 

5. When the transfer count Is exhausted, the date transfer is not complete and the 
DMAC waits for another DMA request from the I/O device, indicating that it has 
another byte or word to transfer. When DMAC receives DMA request steps 
through are repeated. 

9. If the transfer count is not exhausted, the data transfer b complete then DMAC 
deasserte the HOLD to tell the microprocessor that it no longer needs the buses- 

10. Microprocessor then, deasserte the HLDA signal to 'tell the DMAC that it has 

-resumed control of the buses. 

Demand Transfer Mode 

In this mode the device is programmed to continue making transfers until a TC or 
external EOF b encountered or until DREQ goes inactive. 

The operation of DMA in demand transfer mode b as given below ; 

1, I/O device asserts DRQ line when it is ready to transfer data, 

Z 'The DMAC asserts HLDA. line to request use- of the buses from the microprocessor, 

3. The mkropracesBor' asserts HLDA, granting the control of buses to the DMAC. 

4 The DMAC asserts DACK to the requesting I/O device and executes DMA bus 
cycle , resulting data transfer, 

5. I/O device deasserte Its DRQ after data transfer of one byte or word. 



mater 


6. DMA deasserte DACK line.. 





FI0 r 6,10 Three data transfer modes of DMA 
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7. The word/byte transfer count is decremented and the memory address is 
increment edr 

S. The DM AC continues to execute transfer cycles until the I/O device deasserfcs DRQ 
indicating its inability to continue delivering data, The DMA C deass erfe HOLD 
signal, giving the buses back to microprocessor. It also deasserts DACK. 

9 . I/O device can re-initiate demand transfer by reasserting DRQ signal 

10. Transfer continues in this way until the transfer count has been exhausted- 

The flowcharts in the Fig. 6,10 summarised the three data transfer modes of DMA. 

6,3 I/O Interfacing Techniques in BOSS 

The most of the microprocessors support isolated I/O system, It partitions memory 
from I/O, via software, by having instructions that specifically access (address) memory, 
and others that specifically access I/O. When these instructions a™ decoded by the 
microprocessor., an appropriate control signal is generated to activate either memory or 
I/O operation. In 80B5, IO/M signal is used for this purpose, The BOSS outputs a logic T 
on the IO/M line for an I/O operation and a logic '(T for memory operation. In 8005, it is 
possible to connect 64 Kbyte memory and 256 I/O ports in Ihe system since 8C&5 sends 16 
bit address for memory and 8 bit address for I/O. I/O devices can be interfaced to an 
8085A system in two ways : 

1. I/O Mapped. I/O 2. Memory mapped I/O 

6.3.1 I/O Mapped I/O 

In I/O mapped I/O, the 8085 uses IO/M signal to distinguish between I/O read/write 
and memory read/write operations, The 8065 has separate instructions IN and OUT fpr 
I/O data transfer. When 8085 executes IN or OUT instruction, at places device address 
(port number) on the demultiplexed low order address bus as well as the high order 
address bus. In other wonfs, we can say that higher order address bus duplicates the 
contents of demultiplexed tirw-order address bus, when 8085 microprocessor executes an 
IN or OUT instruction. For example, if the device address is 60H then Ehe contents on 
to Aq will he as follows : 
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Here, A e follows A^, A^ follows A 1 and so on, as shown below. 
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The instruction IN impute date from an input device (such as keyboard) into the 
accumulator and the instruction OUT sends the contents of the accumulator to an output 
device such as LED display. These are two byte instructions. The second byte of the 
instruction specifies the address or the port number of an I/O device. As it is a byte, the 
address or port number can be any of the 256 combinations of eight bite, from OOH to 
FFH. Therefore, the $065 can communicate with 256 different I/O devices. When we want 
to interface an I/O device, it is necessary to assign a device address or a port number. 

6,3,2 1/0 Device Selection 

As mentioned earlier, the BOBS gives fl bit I/O address, This means it can select one of 
the 256 I/O ports. To select an appropriate I/O device, it is necessary to do following 
things, 

1, Decode the address to generate unique signal corresponding to the device address, 
on the bus, 

2, When device address signal and control signal (IOR or IOW) both are low, generate 
device select signal, 

3, Use device select signal to activate the interfacing device {I/O port). 

Fig, 6,11 shows the absolute decoding circuit for the I/O device The It! 74LS13B, 3:8 
decoder along with. 3 input OR gate is used to generate device select signal. This signal is 
ORed with control signal (IOR or IOW) to generate device enable signaL 


*4 


74LS13S 


Fig 6.11 Absolute decoding circuit for the I/O device 



To generate device select signal (Y 0 ) low, the addins on the address bus must be as 
given below : 

A 2 Aj A(j = OOOH ; Activates Y 0 output 

Ag Aj| = OOOOH , Makes G| and Gj low to enable output of decoder 

A? = 1H ; Makes G hi$i to enable output of decoder 


riqhted material 
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Note : Decoder output is enabled only when control signals G! and C 2 are tow and 
control signal G Is high. Therefore the address of to I/O device is 80 H a® shown in the 
table 6.2, 



Table 6,2 


6.3.3 Interfacing Input and Output Devices wifli Examples 
Interfacing Input Device : 

The Microprocessor 80ft5 accepts 8 bit data from the input device such as keyboard, 
sensors, transducers etc. Fig.. 6-12 shows the circuit diagram to interface input port (buffer) 
which is used to read the stains of 8 switches. The address for this input device is BOB as 
device select signal goes low when address is flOH. 



74LS13B 

Fig. 6.12 Circuit diagram to Interface Input port 
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Whom the switch is in the released position, the status of line is hij^h otherwise status 
is low. With this information microprocessor can check a particular key is pressed or not 

The following program checks whether the switch 2 is pressed or not, 


Program : 

IN SO El 
ANI 02E 

jz next 


Road status of all switches 

Mask bit positions for other switches 

if program control is transferred to label 

NEXT, then switch 2 is pressed otherwise not. 


Interfacing Output Device : 

The microprocessor 8085 sends 8 hit data to the output device such as 7 segment 
displays, LEDs, printer etc. Fig 6,13 shows the circuit diagram to interface output port 
[latch) which is used to send the signal for glowing the LEDs, LED will glow when output 
pin status b low. The IC 74LS138 and 3 input OR gate is used to generate device select 
signal The latch enable signal is active high. So NOR gate is used to generate latch enable 
signal., which goes high when Yj and lOW both are low. 
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Fig, 8,13 Circuit diagram to Interface output port 

The following program glows the LEDs L a , L 3 and Lg, 


L « 

l 7 

4 

4 

4 

L 3 k L t 

1 

1 

0 

T 

1 

0 1 | 0 


iDAH 


The code (data) DAH must be sent on the latch to glow LE Ds 1^, L 3 and L&. 

Program: 

MVI A, DAH ; Loads the data in the accumulator. 

OUT Hlu 1 sends the data on the latch. 


i 


OV 

I J 


righted 


trial 
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The Fig, 6.14 shows the combined circuit for I/O interfacing. For Ibis circuit the 
address of inpot port is SDH and address of output port is BILL The following program 
displays the status of switches on the LEDs, 

Program t 

IN 80K ; Read status of all switches,, 

OUT SlH f send status on the output poet, 

M"#* Example 6,1 ; Refer Rip 614 and write a program that will check the switch! status md 
da accordingly. 

1. sm = 0; Km* bum nibble LEDs, 

2. SW1 - 1; Blink Higher nibble LEDs. 

Assume delay routing is available. 



Solution : 

Input port address = 80H 
Output port address = SlH 


'riQhl 


trial 
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Flowchart : 


C ^ ) 


Iniiializa Slack painter 



_1 

Glow! 

nibble 

1 

hiper 

LEDs 

1 

| CALL 

Delay j| 


Stow tower 
nibble LEDs 



CALI Daisy 

II 


Switdh off tower 
nibble LEDs 


P CALL Delay 


Switch off higher 
nibble LEDs 


[ CALL Delay J 


Source Program : 

LKI SP, 27FFH 
START : IN flOH 
an i Oie 
JNZ HIGHER 

MV I A, FQH 

OUT aiH 

CALL Delay 
MV I A f FFH 
OUT 01H 
CALL Delay 
JMF START 


Initialize stack pointer 

Read status of switches 

Masks Bit I to Bit 7 

If gwl status is not zero goto blink 

higher nibble 

Lead bit pattern to glow lower nibble 
LEDs 

Send It to output port 
Call delay subroutine 

Load bit pattern to switch off all LEDs 
Send it to output port 
Call delay subroutine 
JUMP to START 


righted 


trial 
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MlSUER 2 


mi 

A, QFH 

■P : 

Load 

OUT 

Blfl 

+ 

iir 

Send 

CALL 

Delay 

P 

Call 

HVI 

A, FFH 

f 

S' 

Load 

OUT 

BlH 

f 

Send 

CALL 

Delay 

i 

Call 

JMP 

START 

s 

■JUMP 


bit pattern to glow higher nibble LEDs 
it to output port 
delay subroutine 

bit pattern to switch off all LEDs 
it to output port 
delay subroutine 
to START 


6,3.4 Memory Mapped I/O 

In memory mapped I/O, the I/O devices are assigned and identified by 16 bit 
addresses. The memory related instructions transfer the data between an I/O device and 
the mi coprocessor, a§ [png as I/O port is assigned to the memory address space rather 
than to the I/O addr ess space. Hie register associated with the I/O port is simply treated 
as a memory location. Thus I/O device becomes a part of the system's memory map and 
hence its name, In memory-mapped I/O every instruction that refers to a memory location 
can control I/O. The source and destination of the data is limited with I/O mapped I/O, 
since for an IN instruction the destination register Is always the accumulator, and for foe 
OUT instruction the source register is always the accumulator. However, for memory 


mapped I/O there are 

number of sources and destinadoris. 

Instructions 

Interpretation for memory mapped VO 

MOV t, M 

} Input from a port to specified register. 

LDA addr 

; Input from a port to accumulator. 

LHLD addr 

; Input from two ports to Hi register pair. 

ADD M 

; Port contents are added into accumulator 

; contents and result is stored Ln the accumulator. 

ANA M 

; Port contents are logically ANDed with the accumulatof 

contents and result is stored in the accumulator. 

ORA M 

; Port contests are logically ORed with the accumulator 

contents and result is stored in the accumulator. 

XRA M 

; Port contents are logically XQRed with the accumulator 
contents and result is stored in the accumulator. 

CMP M 

; Compares fore port contents with the accumulator 
contents and updates the flag register contents accordingly- 

MOV M,r 

; Outputs specified register contents to the pori. 

STA addr 

; Outputs accumulator contents to the port. 

SHLD addr 

; Outputs HL register contents to two ports. 

MVI M, data 

; Outputs immediate date to the port 
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Interfacing of I/O port with memory mapped I/O 

In memory mapped I/O, MEMR (memory read) and MEMW (memory write) control 
signals are required to control the data transfer between I/O device and microprocessor- 
As &m gives 16 bit memory address, it is necessary to decode 16 bit memory address to 
generate device select signal in ease of memory mapped I/O. Fig, 6,15 shows the 
Interfacing of 1/0 devices in memory mapped I/O snode. 



Flg. 8.15 I/O Interfacing using memory mapped If J 
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Example 6.2 : Identify the port address and the mapping scheme far the Fig , 6.16 given 
below. 



Fig. 6.16 

Solution : Mapping scheme ; I/O mapped I/O 


Address lines 

Port Address 

Ay 


mm 

*4 

Ag 

mm 

*1 

*0 

EJ 

t 

i 

1 

1 

0 

& 

0 

7BH 


6.3.5 Comparison between I/D Mapped I/O and Memory Mapped I/O 


Sr. No, 

Memory mapped I/O 

I/O mapped I/O 

1. 

In th® device addra* b 18 b*t, Thy 5 Aq In 
A 15 Enos are used to generate device 
address. 

In (his I/O device address h i bit, Thbf 
to Ay cr Ag tc A^g lines are used to 
general® device address.. 

2. 

MEWR oad MEMW control signals are u&ed 
to control read and write I/O operations. 

IOR and 10W control signals era used to 
control read and write I/O operations. 

3. 

lostrustion* available are IDA eddr, 
ETA addr, LDAX rp„ STAX rp, MOW NS.fi, 
MOT R M. ADD M, CMP M etc. Hence we 
can use direct as wei as indirect addressing 
modes. 

inslructjians available are BN and OUT. Or% 
direct addressing can be used. 


>pyngntea m 
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4. 

Data transfer is between any register and I/O 
device. 

Data transfer is between accumulator and I/O 
devica. 

5. 

Maximum number of I/O devices are £5536 
(ihaonetically). 

Maximum number of I/O devices aid 256. 

6 , 

Execution speed using LQA addr, STA addr 
to 13 T-atete and 7f-slates ter h#OV M, r 
and MOV r„ M irwbudteia. 

Execution speed to IQ T-states. 

T, 

Decoding 16 bit address (nay require more 
hardware. 

Decoding 6 bit address wilt require toss 
hardware. 


6,4 Memory Interfacing 

Memory i& an integral part of a microprocessor system, and in this section, we will 
discuss how to interface a memory device with the microprocessor* The memory 
interfacing circuit is used to access memory quite frequently to 'lead Instruction codes and 
data stored in memory. Hus read / write operations are monitored by control signals. The 
microprocessor activates these signals when it wants to read! from and write into memory. 

6.4,1 Basic Concepts in Memory Interfacing 

For interfacing memory devices to microprocessor MBS, following important points are 
to be kept in mind. 

1. Microprocessor BOB-5 -can access 6-4 Kbytes memory since address bus is 16-bit. Bui 
it is not always necessary to use full 64 Kbytes address space. The total memory 
size depends upon the application. 

2. Generally EPROM (or EPROMs) b used as a program memory and RAM (or 
RAMs) as a data memory. When both, EPROM and RAM are used,, the total 
address space 64 Kbyte is shared by them. 

3. The capacity of program memory and data memory depends on the application. 

4. It is not always necessary to select 1 EPROM and 1 RAM. We can have multiple 
EPROMs and multiple RAMs as per the requirement of application. 

For example : 

We have to implement 32 Kbytes of program memory and 4 Kbytes EPROMs are 
available. In this case, we can connect S EPROMs in parallel (4 Kbytes x 8 = 32 
Kbytes} with different chip select for each EPROM. 

5. We can place EPROM/RAM anywhere in full 64 Kbytes address space. But 
program memory (EPROM) should fee located from address OOOOH since reset 
address of BOSS microprocessor Is OOOOH. 
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G. It is not always necessary to locale EPROM and RAM In consecutive memory 
addressee For example - If the mapping of EPROM is from WOQH to QFFFH, it is 
not most to locate RAM from 1000H. We can locate It anywhere between IQQQH 
and FFFFH- Where to locate memory component totally depends on the 
appHcadon- 

The memory interfacing requires to : 

* Select the chip 

* Identify the register 

* Enable tike appropriate buffer. 

Microprocessor system indudes memory devices and I/O devices, it is important to 
note that microprocessor can communicate {read/write) with only one device at a time, 
since the data, address and control buses are common for all the devices, In order to 
communicate with memory or I/O devices, it is necessary to decode the address from the 
microprocessor. Due to this each device (memory or I/O) can be accessed independently. 
The following section describes common address decoding techniques. 

Address Decoding Techniques : 

* Absolute decoding/Full Decoding 

* linear decoding/PartM Decoding 

Absolute decoding 

In absolute decoding technique, all the higher address lines are decoded to select the 
memory chip, and the memory chip is selected only for the spedfLed logic levels on these 
high-order address lines; no other logic levels tan select the chip. Fig, -6.17 shows the 
memory interface with absolute decoding. This addressing technique is normally used in 
large memory systems. 


Memory Map : 


Memory- ICa 

*1 

$ 

*1 

4 

A 1 

3 

*1 

2 

A t 

1 

*1 

0 

A® 

Afi 

Aj 


*6 

A 4 

*3 

AS 

*1 

*0 

Address 

Starting address of 
EPROM 

0 

0 

0 

0 

0 

Q 

0 

0 

D 

0 

Q 

0 

D 

0 

0 

0 

0MOH 

End address sf 
EPROM 

5 

0 

O' 

0 

0 

0 

1 

t 

1 

1 

1 

t 

1 

1 

1 

1 

□3F™ 

Slotting address of 
RAM 

Q 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2TOH 

End -address of RAM 

0 

D 

1 

D 

0 

0 

1 

1 

1 

1 

1 

1 

1 | 1 

1 

1 

_ 

23FFH 


'righted 


irial 


Table &3 
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A %2 A 11 

Fig, 617 Absolute decoding technique 


Linear decoding 

In small systems, hardware lor the decoding logic can be eliminated by using 
individual hlgh-order address lines to select memory chips. This is referred to as linear 
decoding. Fig. 6.18 shows the addressing of RAM with linear decoding technique. This 
technique is also called partial decoding. It reduces the cost of decoding circuit, but it has 
a drawback of multiple addresses (shadow addresses)- 

Fig, 6,18 shows the addressing of RAM with linear decoding technique, A B address 
line, is directly connected to the chip select signal of EPROM and after inversion it is 
connected to the chip select signal of the RAM, Therefore, when the status of A ig line is 
'zero"', EPROM gets selected and when the status of Ais line is 'one' RAM gets selected. 

The status of the other address lines is not considered, since those address lines are not 
used for generation of chip select signals. 

Copyrighted material 
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Memory Map : 


Memqry ICa 

A 15 

^14 

A 13 

a 12 

All 

No 

^9 

A e 

*7 

A§ 

As 

a 4 

*3 

A 2 

*1 

% 

Address 

Starting gddreij of IPROWl 

U 

X 

X 

X 

X 

X 

0 

0 

0 

it 

0 

Cl 

& 

0 

it 

it 

MWDH 

End addnaaa of EPROM 

0 

X 

X 

X 

X 

X 

f 

1 

1 

1 

1 

1 

1 

1 

i 

i 

Q3FFH 

Starti ng addrats of RAM 

1 

X 

X 

X 

X 

X 

0 

0 

0 

0 

id 

0 

9 

0 

0 

9 

&D0QH 

End address of RAM 

1 

X 

X 

X 

X 

X 

1 

1 

1 

1 

1 

1 

1 

1 


1 

B3FFH 


Table 6.4 


Sr. No. 

Full Address Decoding 

Partial Address Decoding 

1 . 

All higher address lines are decoded to select 
the memory or L'D device. 

Pew higher address fines are decoded le select 
the memory or PO device.. 

2 , 

Mona hardware is required to design decoding 
logic. 

Hardware required to design decoding logic is 
less and sometimes ft can be eliminated. 

3, 

Higher coat for decoding circuit. 

Less cost for decoding circuit 

4- 

Ho multiple addresses. 

It has e disadvantage of muHiptc addresses 
{shadow addresses). 

5. 

Used In large systems 

Used In small systems. 


'°PV 


riohti 


kJ m i 
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Table 6.5 






Microprocessor & Microcontroller System I-2B 


VO and Memory Interface 


6.4.2 Interfacing Examples 

Example 6,3 : Design memory system for the SOS5 microprocessor such that it should 
contain 8 Kbyte of EPROM (Erasable Programmable Read Only Memory) and 8 Kbyte of 
RAM { Read/Write Memoryh 

Solution : Fig- 6,19 shorn the desired memory system using IC 2764 (8K) EEROM and 
6264 (8K) RAM. Memory requires 13 address lines (A^-A 3J ) since 2 n = SK. The remaining 
address lines (Ay-Ay } am decoded to generate chip select ( C$ ) signals. IC 74 LSI 38 Is 
used as decoder. When ( A 15 “A ia ) address lines are zero, the ¥ 0 output of decoder goes 
low and selects the EFROM, This means that A| S -A 0 address lines must be sere to read 
data from EPROM. The address lines A^-Ag select the particular memory location in the 
EPROM when A L3 -A B liras are zero. Similarly, when address lines A,j-A 5J are 001, the Y| 
output of decoder go® low and selects the RAM. The Table 6.6 shows the memory map 
for the designed circuit. 



Fig. 6.19 Memory system using IC 2764 <8K) EPROM anti 6264 (BK> RAM 
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Memory Map : 


Memory fCi 

A 15 

a h 


A 1Z 

k 

A i& 

Ag 

As 

A ? 


Ag 

*4 

Ai 


A 1 

A) 

Address 

Starting address erf 
EPROM 

0 

0 

0 

0 

0 - 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

0 

0 

CKKWH 

End address of EPROM 

0 

0 

0 

1 

1 

f 

1 

1 

1 

1 

1 

1 

1 

1 

1 

t 

1FFF5M 

Starting address of RAM 

0 

0 

1 

0 [ 

0 

0 

0 

0 

0 

6 

Q 

0 

0 

0 

O' 

0 

20O0H 

End address of RAM! 

0 

c 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

j i 

_L 

1 

SFFFH 


Table 6.6 Memory map 


Example fi.4 e Design a microprocessor system far the 8085 microprocessor such that it 
should con lain 16 Kbyte of EPROM and 4 Kbyte of RAM using two B Kbyte EPROMs 
(2784) and tw 2 Kbyte RAMs (6116), 

Solution ; Pig. 6-20 shows the desired memory system using two (SK x 8) EPROM and 
two (2K x 8) RAMs, EPROM memory is 8K, so it requires 13 address lines (A 12 - A, k ) 
whereas RAM memory is 2K, so it require® U addins line® (A 10 - Aq)- The remaining 
higher address lines (A J5 , - are used to generate chip-select (CS) signals. Table 6.7 


shows the memory map for the designed circuit (See Fig, 6,20 cm next page) 

Memory Map : 


Hammy ICa 

An 

A,- 

All 

An 

An 

Air 

A, 

Ai 


A* 

A# 

A* 

Aj, 

At 

Ai 

Ag 


Starting Address of 
EPROM 1 

6 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

QQfflJH 

End Address of EPROM 1 

0 

0 

0 

1 

1 

t 

1 

t 

1 

1 

1 i 

i 

1 

1 

1 

1 

1PFFH 

Starting Address of 
EPROM 2 

Q 

0 

t 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C 

0 

0 

3000H 

End Address Of EPROM 2 

0 

0 

i 

1 

t 

1 

1 

1 

1 

1 

% 

\ 

1 

1 

1 

1 

AFFFH 

Starting Address erf RAM 1 

0 

1 

fl 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4Q0OH 

End Address at RAM 1 

0 

1 

0 

X 

X 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

47FFH 

Starting Address of RAM 2 

0 

1 

i 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

600OH 

End Address at ram 2 

0 

1 

1 

X 

X 

1 

1 

1 

1 

1 

T 

1 

1 

1 

1 

1 

67FFH 


Table 6.7 Memory map 


su+ Example' 6.5 : interface 2 Kbyte .RAM to B0S5 using 2124 QKx4) chips, 74LS13S 
decoder and fiiM address decoding and grae the Address map (memory map). 
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FE 0 , 6,20 Memory system us Ing two ( 8 K * I) EPROMs and two (2K x 0 ) RAM; 
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Solution : 2114 RAM is IK x 4 i,e. it has IK {1024) memory locations, each of which is of 
4 bjfe. 80SB is an & bit processor, To interface byte RAM, we require two nibble wide 
KAMa, connected together to term byte wide RAM- To form, 2K x 8 RAM we require two 
sets of lKx4 + IK x 4 RAM chips- So in all we require four IK x 4 RAM chips. Fig, 6,21 
{See on next page) shows the interface. The 1C 74LS13S is used to generate chip select (CS) 
signals- Table 6-8 shows the memory map. 

Memory Map ■ 


Memory ics 

A 1S 

*14 

*13 

a 12 

An 

Altl 

Ag 

% 

a t 

*a 

As 

A* 

*3 

A 2 

*1 

Ao 

Address 

Start," g Address of RAM 'l 

a 

0 

0 

0 

0 

0 

0 ! 

0 

0 

c 

□ 

0 

0 

0 

0 

0 

OOOOH 

End Ad drew of RAM t 

0 

0 

0 

0 

0 

D 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l \ 

03FFH 

Starting Addnew of RAM j 

0 

0 

0 

0 

13 

0 

0 

0 

0 

0 

: 0 

0 

0 

0 

0 

0 

OOOOH 

End Address of RAM 2 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

i 

1 

1 

1 

jJ 

1 

03FFH 

Starting Address OT RAM 3 

□ 

0 

1 

0 

0 

D 

0 

Q 

0 


0 

0 

0 

0 

0 

0 

2000 H * 

End Addiesa pf RAM 3 

0 

0 

1 

0 

0 

0 

i 

1 

i 

1 

1 1 

1 

1 

i 

1 

1 

23FFH 

Starling Address of RAM A 

0 

Q 

1 

0 

0 

0 

0 

0 

o 

0 

0 

0 

0 

q 

0 

0 

2B00H 

End Ad drew pf RAM 4 

0 

Q 

1 

0 

0 

0 

1 

1 

i 

1 

Ll 

1 

t 

1 

1 

i 

23FFH 


Table 6,8 Memory map 


Example 6,6 : Design a microprocessor sysiem for the S0S5 microprocessor such dial it 
should contain 2 Kbyte of EPROM and 2 Kbyte of RAM starting addresses OOOOH and 
6000H respectively. 

Solution : Fig. 6.22 (See on page no 6-33) shows the desired memory system using 
2 Kbyte EPRQM and 2Kbyts RAM- Roth EPROM and RAM txe 2K, so they require 11 
address lines (A ta - A a ). The remaining higher address lines (A 1S - A„) are used to generate 
chip select (CE$ signals. 

The chip selection li3j.de is designed to have starting address of ErRGM, OOOOH and 
starting address of RAM, 6000H. This is implemented by selecting EPROM only when 
higher address lines (A^ - A 7 j) are all zero, and selecting RAM only when higher address 
lines (A 1S - Aj|) are 01100 (Binary). The Table 6.9 shows the memory map for the designed 
Circuit- 


Memory Map ; 


Memory iCs 

a 15 

A 14 

a ij 

A 12 

Ait 

A 10 

*9 

*fl 

a 7 

Ap 

*5 

*4 

A 3 I 

Ai 

A 1 

Afl 

Address 

Starting address pf EPROM 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 

0 

□OOOH 

End 1 address cf EPROM 

0 

0 

! 0 

0 

0 


1 


1 

1 

1 

1 

1 

1 

1 

1 

07FFH 

Starting address pf RAM 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0OOQH 

End address pf RAM 

0 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 

C7FFH 


Table 6,9 Memory map 
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Fig, 6.22 Memory system using 2 Kbyte EPROM and 2 Kbyte RAM 
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Example i7 : Dtei^n a microprocessor system for the 808$ microprocessor such that it 
should contain 4 Kbyte of EPROM and 2 Kbyte of RAM using two 2 Kbytes of EPROMs 
and two 1 Kbytes RAM. Draw the complete interfacing diagram with buffers, latches, mi 
chip Select logit used. 


Solution : Fig, 6,23 shows the desired memory system using two 2 Kbyte EPROMs and 
two t Kbyte RAMs. 
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The uni-directional buffer is used to drive the high order address bus and 
bi-directional buffer is used to drive the data bus. The direction pin of the bi-directional 
buffer is controlled by the RD signal from the miaoprocessor. EPROM memory is 2 Kbyte, 
so it requires 11 address lines (A^-A^) whereas RAM memory is IK, so it requires 10 
address lines The remaining higher address lines (Aj^-A^) ate used to generate 

chip-select (CS) signals. Table 6.10 shows the memory map for the designed circuit, 


Memory Map ; 


Memory ICe 

*15 

*n 

*13 

*12 

*11 

*143 

*9 

*s 

*7 

*e 

*s 

*4. 

*3 

*2 

*1 

*0 

Address 

Starting. Address of EPROM 1 

43 

43 

43 

0 

0 

0 

0 

43 

43 

43 

43 

43 

43 

43 

43 

43 

0OO43H 

End Address of EPROM 1 

O' 

0 

43 

0 

0 

1 

1 

1 

1 

i 

1 

111 

1 

i 

1 

1 

437FFH 

S-IMing Address of EPROM 2 

0 

□ 

43 

0 

— 

1 

0 

D 

43 

43 

43 

0 

43 

0 

43 

(3 

43 

08043H 

End Address at EPROM 2 

0 

0 

43 

G 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

QFFFH 

Starling Address of RAM 1 

0 

0 

43 

f 

0 

a 

43 

43 

43 

43 

0 

0 

43 

43 

43 

43 

100DH 

End Addro* of RAM 1 

0 

0 

0 

V 

0 

0 

1 

1 

1 

t 

1 

1 

1 

1 

1 

1 

13FFH 

Starting Addrejj of RAM 2 

0 

0 

43 

1 

1 

0 

0 

43 

43 

43 

43 

0 

0 

0 

C 

0 

1300H 

' End Address of RAM 2 

0 

43 

43 

t 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1BFFH 


Table 6.10 Memory map 


Example 6.6 : Design a microprocessor system for the FPHeropnjces&flr such that it 
should contain B Kbyte of EPROM and $ Kbyte of RAM. Use Jinc-ar addressing technique 
and give the detailed address nutp. 

Solution : Fig. 6.24 shews the desired memory system using ft Kbyte EPROM and ft 
Kbyte RAM. Both EFROM and RAM are 8K, so they require 13 address lines (A 12 ‘Ad)- Afr- 
problem says to design microprocessor system using linear addressing technique, A ]5 
address line is used to generate chip select (CS) signals. When A 15 address line is low, it 
selects EPROM and when it is high, if selects RAM. The Table 6,11 shows the memory 
map for the designed circuit. 


Memory Map : 


Memory ICs 

*15 

*14 

*13 

*12 

*11 

*143 

, *9 

. *9 

*7 

*9 

*6 

*4 

*3 

*2 

1— 

*1 

*0 

Address 

Starting add/gag 

pJ EPROM 

0 

X 

X 

! 0 

43- 

43 

0 

:V| 

0 

0 

0 

0 

0 

43 

0 

0 

dddqh 

End address of 
EPROM 

0 

X 

X 

! 1 

1 

1 

1 

1 

1 

1 

1 1 

1 

1 

1 

1 

1 

1FFFH 

Starting address 
of RAM 

1 

X 

X 

0 

4J 

0 

0 

0 

0 

0 : 

0 

□ 

i 0 

0 

0 

0 

&43DOH 

End address of 
RAM 

1 

X 

X 

1 

1 I 

i! 

1 

1 

1 

1 ' 

1 

1 

4 

1 

1 

1 

GFFFH 


Table 6.11 Memory map 
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Note : X represent? the don't cure condition and addresses are written taking don't 


ores as sseroes. 


Fig. §.24 Memory system using 8 Kbyte EPROM and 8 Kbyte RAM with linear address decoding 
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!Review Questions 

L Wfarf are the oHjwftaRt fuwtiom of I/O system ? 

2- Draw and explain generic model of computer showing 1/0 system. 

3, Cine the major requirements for an I/O module. 

4, Draw and explain Mw block diagram of IK) system. 

5, Wmt do you mem by input port md output port ? 
b Write a short note on 

a) Programmed I/O 
bj Interrupt driven 1/0 
0 DMA controlled I/O 

7. EjptaHi I/O mapped I/O interfacing technique, 

8. Explain memory mapped I/O interfacing technique. 

9. Compare I/O mapped and memory mapped I/O techniques. 

10. Explain With the help of neat diagram interfacing of input device. 

11. ExpiftB with the help of need diagram interfacing ef output device. 

12. List the important points which .must tie considered while interfacing memory devices to SOUS* 

13. Crew the ccwpamw between full and partial decoding teekniqtm. 

14. Design an EM5 processor based system using 4 Kbytes of EPROM and 4 KBytes of RAM. 
EPROM fliMnss starts &l OOOOH and RAM address at 4000H. Drew (he orptiaMferf of the 
memory ration whkh is to be interfaced to the 8(\S5 microprocessor. Indicate dearly the oddness 
range for each chip. Use standard address decoders. Explain the tutriem schemes of data transfer in 
mmrofjrecessor systems. 

15. 4k 8 KB ROM having a word length of S bits is to occupy the first S KB of the address space of 
on 8085A processor. Two 2 KB RAMs harem# iiwtf lengths of 4 bits each are to wewpy 2 KB 
starting from address 40Q0H, Desagw ffiMness deckling logic- 

16. Interface 8 Kbytes of EPROM and S Kbytes of RAM to 8085. 

17. Design a memory address decoder to interface a 4 KB PROM starling from AsKHteon 4Q0QH, 16KB 
EPROM starting from location OOCDll and 32 KB RAM Starting front JtaftaOrt 8QQQH, One Of 
ttme of tlte following amdabk JCs can Ew urai. 

PROM SC s 4K x 8 EPROM 1C ; 8K x S RAM 1C : 16K X 8 


□□□ 


'righted 


trial 
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7,1 Introduction 

To make a complete microcomputer system, only microprocessor is not sufficient. It is 
necessary to add other peripherals such as mad only memory (ROM), read /write memory 
(RAM), decoders,, drivers, number of input/output devices to make a complete 
microcomputer system. In addition, special purpose devices, such as interrupt controller, 
programmable timers, programmable I/O devices, DMA controllers may be added to 
improve the capability and performance and flexibility of a microcomputer system. 

The key feature of microprocessor based compute system is that it is possible te 
design a system, with a great flexibility. It is possible to configure a system as large system 
or small system by adding suitable peripherals. 

On the other hand, the microcontroller incorporates aU the features that are found in 
microprocessor. However, It has also added features to make a complete microcomputer 
system on its own. The microcontroller has built-in ROM, RAM, parallel I/O, serial I/O, 
counters and a clock circuit. 

Hue microcontroller has on-chip (built-in) peripheral devices. These on-chip peripherals 
make it possible to have single chip microcomputer system. There are few more 
advantages of built-in peripherals : 

* Built-in peripherals have smaller access times hence speed is more 

* Hardware reduces due to single chip microcomputer system. 

* Less hardware, reduces FCB sire and increases reliability of the system. 
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Comparison between Microprocessor and Microcontroller 


We have discussed what is a nucroprocessor and a microcontroller. Let us see the 
points of differences between itiem. 


No. | Mlcraprotaiior 

Microcontroller 

1 

Microprocessor contains ALU, control! unit 
fdock ?n(f taming drcuilj, different register and 
intemipt circuit 

Microcontroller contains microprocessor, 

memory (ROM and RAM). I/O Interfacing 
circuit and peripheral devices such as A/D 
converter, serial WQ, timer etc. 

2. 

It has many tostruritora to move data between 
memory and CPU. 

it has one or toe instructions to move data 
between memory and CPU. 

3, 

It has one or two bit handling instructions. 

It has many btt handfing instructions. 

■ 

Access limes for memory and I/O devices are 
more. 

Lass access times for built-in memory and I/O 
devices. 

5. 

Microprocessor based system requires more 
hardware. 

Mieroconfcnrtef based system requires toss 
hardware reducing POP size and increasing 
ttio reliability. 

■ 

Mterapmcawor based system b more flesflste 
in design point of view. 

Lew flexible in design point of view 


It has single memory map ter date and code. 

It has separate memory map tor data and 
code. 

S. 

Law number of pins are muittttenctoned 

Mere number pins are multifunctlcmed, 


The 8051 is an &-bit microGantroHer designed by Intel It was optimised for S-bst 
mathematical and single bit Boolean operations. Its family-MCS-51 includes fl031 r 8051 and 
8751 microconhollers. The Table 7.1 gives the summary of MCS-51 microcontrollers. 



Internal 

memory 

Timer if 


Device 

Program 

Data 

Event counters 

Interrupts 

8D52AH 

OK x S ROM 

25S x 8 RAM 

3 x 15-Bit 

6 

8051AH 


125 X a RAM 

2 x 15« Bit 

5 

M51 

IKk S ROM 

125 x 8 RAM 

2 x 15* Bit 

5 

3032AH 

none 

2 EG x 8 RAM 

2 x tfl-Bit 

G 

6031AH 

none 

125 x 8 RAM 

2 x te-aa 

5 

8S31 

none 

125 x 3 RAM 

2 x ItBrt 

5 

8751K 

4 Kx 8 EPROM 

125 x 8 RAM 

2 x tfr-Bi 

5 

3751H-12 

4 Kx 8 EPROM 

125 x 8 RAM 

2 x 16-Sit 

5 



Table 74 MCS-51 family 
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In this chapter we axe going to see features and the internal! hardware dctefl 
(architecture) of 8051 microcontroller, 

7.2 Peatunf of S051 

The features of the 8051 family are as follows : 

1 4096 bytes on-chip program memory, 

2. 128 bytes on-chip data memory, 

3, Four register banks. 

4., 128 user-defined software flags, 

5, 64 kilobytes each program and external RAM addressability, 

6, One mi cto second instruction cycle with 12 MHz crystal 

7 , 32 bidirectional I/O lines organized as four S-bit ports (16 lines on 8031). 

8, Multiple mode, high-speed programmable serial port. 

9, Two multiple mode, 16-bit Timers/Counters. 

10, Two-level prioritized interrupt structure, 

11, Full depth stack for subroutine return, linkage and data storage. 

12- Direct byte and bit addressability, 

13. Binary or dedmal arithmetic. 

14. Signed-overflow detection and parity computation. 

15. Hardware multiple and divide in 4 psec. 

16- Integrated Boolean Processor for control applications, 

17. Upwardly compatible with existing 8084 software, 

7.3 B0S1 Microcontroller Hardware 

The Fig- 74 shows the internal block diagram, of 8051, It consists of a CPU, two kinds 
of memory sections (data memory - RAM and program memory - EPROM /ROM), 
input/output ports, special function registers and control logic needed for a variety of 
peripheral functions. These elements communicate through an eight bit data bus which 
runs throughout the chip referred as internal data bus. This bus is buffered to the outside 
world through an I/O port when memory or I/O expansion is desired- 
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Fig, 7.1 Bloch: diagram of 3051 
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7.3.1 Pin-out of 3051 

The SCSI is packaged in a 40-pin DIF- The Fig. 7.2 shows the pin diagram of 8051. It is 

important to note that many pin*; of 8051 arc used for more than One function. The 

alternative functions of pins are shown in bold letters. 

Fig. 7.2 shows the pin diagram of 8051, 



Porto 


Part 3 


Fig. 7,2 Pin-out of H051 

Table 7.2 gives; the pin-description. The function of all pins of 8051 are explained 
below. 

The 80S1 has 32 I/O pins configured as four eight-bit parallel ports (PQ, PI, P2 
and P3). All four ports are bidirectional ie- each pin will be configured as input or output 
(or both). All part-pins are multiplexed except the pins of port 1, Kach port consists of a 
latch., an output driver and an input buffer. 
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Port 0 (Pins 32 * 3i) 

Port 0 pins can be used as I/O pins- The ouput drives and input buffers of port 0 are 
used to access external memory. Fort 0 outputs the low order byte of the external memory 
address, time multiplexed with the data being written or read. Thus, port 0 can be used as 
a multiplexed address/data bus. 

Port t (Pins 1 ■ 8} 

Fort 1 pins can, be used only as I/O pins. 

Port 2 (Pins 21 * 28} 

The output drives of port 2 are used to access external memory. Fort 2 outputs the 
high order byte of the external memory address when tire address is 16-bits wide. 
Otherwise, port 2 is used as an I/O port. 

Port 3 (Pins 10 - 17} 


AH port pins of port 3 are multi functional. They have special functions as shown 
below including two external interrupts, two counter inputs, two special data lines and 
two timing control strobes. 


Symbol 

Position 

Name and significance 

RD 

P3.7 

Read data corrtto output, Active taw pulse gastwated by hardware when 
external data memory is read. 

wr 

P3.6 

Write data conlroi output, Active low poise generated by hardware when 
external data memory is written. 

T1 

F3.S 

Timcrfcountcr 1 external Input or test pin. 

TO 

P3.4 

Timer/counter 0 external input or test pin. 

iim 

P33 

interrupt 1 input pin, Lnwlsvd or fatiingedge triggered 

INTO 

F3.2 


TXP 

P3.1 

Transmit Data pin to serial port in DART mode. Gtok output in shift register 
mode, 

RXD 


Receive Data pin for serial pod in UART mode. Data I/O pin in shift register 
mode, 


Table 7.2 


Power-supply pln$ (Pin 4§J and V $s (Pin 20) 

80S! operates on d.c. power supply of +5 V with respect to ground. The +5 V is to be 
connected to pins V K and ground to pin with rated power supply current of 
125 mA. 

Oscillator plus XTAL2 (Pin 11) and XTAL 1 (Fin 19} 

For generating an internal dock signal, the external oscillator is connected at these two 
pins. 
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ALE {Address Latch Enable, pin 30) 

ADq to AD 7 lines are multiplexed. To demultiplex these lines and for obtaining lower 
half of an address, an external latch and ALB signal of 8051 is used, 

R5T (Rasot, Pin 9) 

This pin is used to reset 8051. For proper reset operation, reset signal must be held 
high atfeast for two machine cycles, while oscillator is running. 

PSEN (Program Store Enable, Pin 29} 

It is the active low output control signal used to activate the enable signal of the 
external ROM/EPROM, It is activated every six oscillator periods while reading the 
external memory. Thus, this signal ads as the read strobe to external program memory, 

EA (External Access, Pin 31) 

When the EA pin Is high (connected to v cc^ program fetches to addresses OOQQH 
through QFFFH are directed to tire internal ROM and program fetches to addresses 100DH 
through FFFFH are directed to external ROM/EPROM, When EA is low (gorunded), all 
addresses (0000 H to FFFFH) fetched by program are directed to the external 
ROM/EFRQM. 

7.3.2 Central Processing Unit (CPU) 

The CPU of 8051 consists of eight-bit arithmetic and logic unit with, associated registers 
like- A, B, FSW, SF, the sixteen hit program counter and "Data Pointer*' (DFTR) registers. 
Alongwith these registers it has a set of special function registers. Along with these 
registers it has a set of special Junction registers. 

The SCSI's ALU car perform arithmetic and logic functions on eight bit variables. The 
arithmetic unit ran perform addition, subtraction, multiplication and division. The logic 
unit ran perform logical operations such as AND, OR and Exclusive-OR, as web as rotate, 
dear, and complement. The ALU also looks after the branching decisions. An important 
and unique feature of the 8051 architecture is that the ALU can also manipulate one bit as 
well as eight-bit date types. Individual bite may be set, cleared, complemented, moved, 
tested and used in logic computation, 

7.3.3 Internal RAM 

The fi051 has 128-byte internal RAM, It is accessed using RAM address register, The 
Pig. 73 shows (tie organisation of internal RAM, A$ shown in the Fig. 7,3, infernal RAM of 
8051 is organised into three distinct areas: 

* Working registers 

* Bit addressable 

* General purpose 
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3F 

30 

20 


30 | 

25 

2F 

20 

24 

27 

20 

23 

IF 

10 

22 

17 


21 

OF 


20 

0? 

m | 


Bit - Bit 

7 5 



General 


purl 


Fig. 7.3 Organisation of Internal RAM of 8051 
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1. First thirty two bytes from, address OdH to 1FH of internal RAM constitute 32 
working registers, They are organised into four banks of eight registers each, The 
four register banks are numbered 0 to 3 and. are consists of eight registers named 
Rq to %. Each register can be addressed by name or by its RAM address. Only 
one register bank is in use at a time. Bits RS^ and RSj in the PSW determine which 
bank uf registers is currently in use. Register banks when not selected can be used 
as general purpose RAM, On reset, the bank 0 is selected, 

2- The 8051 provides- 16 bytes of a bit-addressable area. If occupies RAM byte 
addresses from 2DH to 2FH, forming a total of 128 (16 x 8) addressable bite, An 
addressable bit may be specified by its bit addn» of 00H to 7FH, or 8 bits may 
form any byte address from 20H to 2FH. For example, bit address 4EH refers bit 6 
of the byte address 29H, 

3, The RAM area above bit addressable area from 3QIi to 7FH is called general 
purpose RAM. It is addressable as byte- 

The 8051 has 4 K byte of internal ROM with address 
space from DOUGH to 0FFFH, It is programmed by 
manufacturer when the chip Is built. This part cannot be 
erased or altered after fabrication. This is used to store 
final version of the program. 

It is accessed using program address register. The 
program addresses higher than OFFFH, which exceed the 
internal ROM capacity will cause the @051 to automatically 
fetch code bytes from external program memory. However, 
code bytes can. also be fetched exclusively from an external 
memory addresses OOOOH to F'FFFH. by Connecting the 
external access pin (HA)- to ground. 

7.3.5 Input/Output Ports 

The 8051 has 32 I/O pins configured as four eight-bit parallel ports ( Ft), PJ, F2, 
and P3 ). AH four ports are bidirectional, i.e. each pin will be configured as input or 
output (or both) under software control. Each port consists of a latch, an output driver, 
and an input buffer. 

The output drives of Ports 0 and 2 and the input buffers of Port 0, are used to access 
external memory, As mentioned earlier. Port 0 Outputs the tow Older byte of the external 
memory address, time multiplexed with the data being written or read, and Port 2 outputs 
the high order byte of the external memory address when the address is 16-bits wide, 
Otherwise Fort 2 gives the contents of special function register P2. 


7.3.4 Internal ROM 
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Fig. 74 MO Ports 


Ail port pins of Port 3 are moitifuitctionaL They have special functions as shown 
below Including two external interrupts, two counter inputs, two special data lines and 
two timing control strobes. 


Symbol 

Position 

Nam* and significance 

RD 

P3.7 

Read data eonlrol outwit Active low pube generated by hardware when 
external data memory is read. 

WR 

P3.6 

Write date control output Active low pulse generated by hardware when 
external date memory is wnllen. 

T1 

P3.5 

Timer/counter 1 external input or test pin. 

TO 

P3.4 

Tlmer/eountor 0 external input or test pin. 

INTI 

P3.3 

Interrupt 1 input pin. Low-level or Tatling-edge triggered. ; 

INTO 

IF3.2 

Interrupt 0 input pin. Low-lavel or falling-edge triggered. 

TXO 

P3.1 

Transmit Data pin for serial port in HART mode. Clock output m shift register 
mode. 

RXO 

P3.q 

Receive Date pin for aerial pert in PART mode. Pate I/O pin in shift register' 
mode. 


7.3.6 Register Set of 6051 
73,6.1 Register A {Accumulator) 

It is an 8-bit register. It holds a source operand and receives the result of the 
arithmetic instructions (addition, subtraction, .multiplication, and division). The accumulator 
can be fhe source or destination for logical operations and a number of special data 
movement instructions, including look-up tables and external RAM expansion. Several 
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functions apply ^fdvstvely to the accumulator : rotate, parity computation , testing for 
zero and so oil 

7.16.2 Register B 

In addition, to accumulator,, ait fkbit 9-rtgBter is available as a general purpose register 
when it is not being used for the hardware mu] tiply/divide operation, 

73.6.3 Program Status Word (Flag Register) 

Many itebudums implicitly or explicttiy aflect (or are affected by) $$v«nil status flags, 
which are grouped together to form the Program Status Word. Fig. 73 shows the bit 
pattern of die program status word- It is an 3-bit word, containing the information as 
follows. 


Bt 

3, 

% 

B, 

_Bj_ 

_ ^ p 

B, 


cv 

AC 

FO 

RSI 

RSD 

QV 

- 

P | 


CY 

Bit-7 - 

Carry flag 

AC 

Bit-6 - 

Auxiliary cany flag for BCD operations 

fo 

BitS - 

User defined flag (Flag zero) 

RSb FSQ 

Bit-43 - 

Select the working register banks as follows : 


RSI 

RSti 

Batik selection 

0 

0 

«SH 07H 

Bank 0 

0 

1 

09R - OFH 

Barrie i 

1 

0 

im » 17H 

Bank 2 

1 

1 

18H - IFHf 

Bank 3 


OV 

Bit-2 

Overflow flag 

- 

HM 

Reserved 

P 

Bit-0 - 

Parity flag (1 - Even parity) 



Fig. 7.S Program status word 


7.16.4 Stack and Stack Pointer 

The stack refers to an area of internal RAM that is used in conjunction, with estate 
Opcodes data to store and retrieve data quickly. The stack pointer register is used by the 
8051 to hold an internal RAM address that is called top of stack. The stack pointer register 
is. Shit' wide, ft Is increased before data is stored during PUSH and CALL instructions and 
decremented after data is restored during POP and RET instructions. Ths stack array can 
reside anywhere te on-chip RAM, The stack pointer is initialized to 07H after a reset This 
causes the stack to begin at location 08 H. The operation of stack and slack pointer is 
illustrated te Fig. 7,6. 
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7.10.5 Data Pointer (DPTR) 

The data pointer (DFTR) const 1 !Is of a high byte: (DFH) and a low byte (DFL). Ite 
function is to hold a 16-bit address. It may be manipulated as a 16-bit data register or as 
two independent 8-bit registers. It serves as a, base register in indirect jumps, lookup table 
instructions and external data transfer. The DPTR does not have a single internal address; 
DFH (83H) and. DFL (S2H) have separate' internal addresses 


Ifrttt DPIR 



^- v 

OPH 

□PL 


[B3H) 


7^ 


ib 


B-bi 


8-biL 


Memory 

atMrcss 


7,3.86 PraBnmi Counter 

five 8051 has a 16-bit program counter. It is used to bold the address of memory 
location from which the next instruction is to be fetched. Due to this the width of the 
program counter decides die maximum program length in byte. For example, 8051 is 
16-bit hence It can address opto 2 lfi bytes (64 K) of memory. 

The PC is automatically incremented to point the next instruction in die program 
sequence after execution of the current instruction. It may also be altered by certain 
instructions. The PC is the only register that does not have an internal address. 
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73.6.7 Special Function Registers 

Unlike other microprocessors in the Intel family, 8051 uses memory mapped I/O 
through a set of special function registers tltat are implem.en.lod in the address space 
immediately above the 12S bytes of RAM. Fig. 7.7 shows special function bit addresses. All 
access to the four I/O ports, the CPU registers, interrupt control registers, the 
ttmer/counter, UART and power control are performed through registers between 80H and 
FFH. 


Direct 

byte 

address {MSB} 


Bit address 

itm 


OPFH 

OFQH 

OESH 

ODOM 

0B8H 

CBdH 

0A8H 

O.AClH 

MH 

«H 
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_ . 
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F4 

F3 

rd 

LL 

FI 

FO 

.._ 

E7 

EG 

ES 

E4 

E3 

E2 1 

El 

EO 

1 

D7 

DB 

D5 

04 

03 

02 ! 

DU 

DO 

1 

E 



SC 

BB 

BA 

iS 

66 

1 

67 

as 

65 

B4 

as 

62 

at 

60 


E 



AC 

AB 

AA 

AB 

A6 

1 

A7 

AS 

AS 

A4 

A3 

A2 

A1 

AO 

FEZ 

Ur 

BE 

go 

SC 

SB 

BA 

99 
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9? 
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05 

94 

93 

92 
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94 
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sf 

BE 

0D 
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SB 

8A 

m 
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E 

SG 

m 

34 

| S3 

62 

Si 
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pi 

SCON 

PI 

TCOW 
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Fig, 7,7 SFR bit address 
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Table 7.3 contains a list of all the SFRs and their addresses and their value in binary. 
Comparing Table 7.3 and Table 7.4 shows that all of the SFRs that are byte and bit 
addressable are located on the first column of the Table 7.4. 


Symbol 

Manw 

Address 

Value in binary 

'ADC 

accumulator 

OEOH 

DODD 0500 

'Br 

B Register 

DFOH 

0 0 0 0 0 0-00 

*PSW 

Program State# Word 

com 

0000 0000 

SP 

Stack Printer 

flIH 

00000111 

DFIR 

PPL 

OPH 

Date Pointer 2 Byte# 

Uw Byte 

Hi@h_.Byte __ __ __ _ __ 

$2H 

I3M 

0 0 0 0 o o o 0 

0000 0000 

■PO 

Part o 

BOH 

1111 1111 

*P1 

Pod 1 

90H 

1111 1111 

'P2 

Port 2 

GASH 

1111 1111 

■P3 

Pori 3 

GBOH 

1111 1111 

■IP 

interrupt Priority Control 

OBflH 

8051 X X X 0 0000 

aura x x o o o o o o 

*1E 

Interrupt Enable Control 

HASH 

aosi OXX0 000 0 

8072 0X00 0000 

7WOP 

Timer/Counter Mode Control 

SSH 

0000 0000 

*TCON 

TimertCounter Conlral 

fl$H 

oooo 0000 

* + T2COM 

Tirnerffkwnfer 2 Control 

OCBH 

0000 0000 

TNO 

Timw/Counter 0 High Byte 

OGH 

0000 0000 

TUG 

Timer/Counter 0 Low Byte 

HAH 

[10 0 0 0 0 00 

TH1 

Tlmer^Gsiinter 1 High Byte 

SOW 

0000 0000 

TL1 

Tflrief/Counter 1 LaWByte 

mi 

oooo oooo 

+ TH2 

Tmwf/Counler 2 High Byte 

OCDH 

0000 0000 

+ TL2 

Tinwf/CeunlM 2 Low Byte 

OCCK 

OQOO 0000 

+ RCAF2H 

TO 2 Captere Reg. High Byte 

OCBH 

0000 0000 

+ RCAP2L 

TO 2. Capture Reg Low Byte 

OCAH 

0000 0000 

' SCON 

Serial Control 

mi 

0000 0000 

SBLJF 

Serial Data Buffer 

OflH 

IntBfminnte 

PCQN 

Power Control 

87H 

HMDS QXXX XXX.X 

GHMOS 0 X X X 0000 


Table 7.3 List of all SFRs (* - Bit addressable, + » 6052 only J 
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FB 

FD 

EB 

EP 

M 

DC 

CB 

CO 

BS 

BO 

M 

m 

» 

so 

Bfl 

BP 



Table 7.4 SFR memory map 


7,4 Memory Organization In 3051 

Fig. 7.8 shows the basic memory structure for 8051, It can access Upto 64 1C program 
memory and 64 K data memory. Hie $051 has 4 Kbytes of internal program memory and 
276 bytes of internal data memory. 
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Each memory type has different addressing mechanism, different control signals, and a 
different function. Each may be added independently, and each uses the same address and 
data buses, bid. with different control signals. 

In addition to the program and data memory, there is another physical address space, 
some of these - B, SP, P$W, DFH and DPL registers are discussed earlier, Others4/Q ports 
and peripheral function registers collectively referred as special function registers will be 
introduced in the following sections. 


7,5 InpuUOutput Pins, Forts and Circuits 

‘The 8051 provides four port for I/O interfacing. Fig. 73 shows a functional diagram of 
a typical bit latch and I/O buffers in each of the four ports- The bit latch is nothing but 
the one bit in the port's SFR. It is represented as a D flip-flop. The signal ''write to latch* 
acts as dock input for D flip-flop. The data from the internal bus is dock-in in response to 
a "write to latch" signal from the CPU. The Q output or Q output after inversion from 
D flip-flop is connected at the gate input of the driver FET, The ON and OFF state of the 
driver FET due to the data available at the output of latch decides (fie status of the output 
pin. It is possible to read Q output of latch by activating "read latch" signal from the CFU. 
The actual port status can be read by activating "read pin" signal, as shown in Fig, 7.9, 
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As stwwn m the Fig, 7,9, for Port 0 and Port 2 drivers are switchable to internal 
ADDR/DATA and ADDR bits, respectively, by internal CONTROL signal,, The switching is 
required to access external memory. During external memory accesses, the F2 SFR 
remains unchanged, but PO SFR gets Is written to it 

As mentioned earlier. Port 3 has multifunction pins, Therefore, each pin of Port 3 can 
be programmed to use as I/O or as one of the alternate function. This is achieved by the 
another control input, "Alternate output function', as shown in the Hg 7,9* When latch bit 
of Port 3 contains 1, the output level is controlled by control input, ’“alternate output 
function," 

The port pin can be configured as an input by writing 1 in the latch bit of the 
corresponding pin. It turn OFF the output driver FET, Then for. Ports 1,2 and 3, the pin is 
pulled high by the internal pull-up, but can be pulled low by an external source. There is 
no internal pull-up for port 0, Therefore, its output pin floats when 1 is written in the 
latch bit, and pin can be used as a high impedance input The Port 0 is said to be "true 
bidirectional , because when configured a» an input it floats. 

On the otiierbaud, the output of Ports 1.2 and 3 are pulled high with pull-up registers, 
when configured as am input Thus they are sometimes called "quasi bidirectional' ports. 

The Table 7-7 summarises the functions of four ports. 


Port 

Functions 

Pert 0 

* Used as an inpi^t/p-utput part 

* Used as a bidirectional low-order address 
and data bus for external memory. 

Pert 1 

* Used as an inpiit/output pert- 

Pert 2 

• Used as an input/oulput pert 

■ Used as a higher-ardor address bus for 
external memory- 

Pert3 

* FinPdtem used as an inpgffoutput portals 

use 

P3.Q-RXD Serial date input 

P3.1-TXD Serial date output 

P3.2-If?TO External interrupt Q 

p.3.3-tNTl External interrupt 1 

P1.4-T0 Externa! timer 0 input 

P3-J-T1 External timer 1 input 

P16-WR External memory write signal 

P3.7-RD External memory read signal 



Table 7,5 Port functions 
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7.6 Tlmors and Counters 

The 8051 has two 1,6-bit Timer/Counter registers : Timer 0 and Timer L Both can be 
configured to operate either as timers or event counters. 

In the 'Timer’ mode, fee register is incremented after every machine cycle- Thus, tote 
can think of it as counting machine cycles- Since a machine cycle consists of 12 oscillator 
periods, the count rate is 34 of fee oscillator frequency. For example, if crystal frequency is 
12 MHz, then fee timer dock frequency is 1 MHz. 

In the "Counter"' mode, fee register is incremented in response to a l-to-O transition at 
its c o awpottdtog external mput pin, Tp or Tj, ’hi this mode, fee external input is sampled, 
during phase 2 of state 5 of every machine cycle. When the samples show a high in one 
cycle and a low in fee next cycle, fee count Is incremented. The new count value appears 
in fee register during phase 1 of slate 3 of fee cyde following the one in which fee 
transition was defected. Since it takes 2 machine cydes (24 oscillator periods) to recognize 
a 1-to-Q transition, fee maximum count rate is \Ai °£ fee oscillator frequency. There are no 
fesfrietiotte on fee duly cycle of fee external input signal, but to ensure feat a given level 
is sampled alleast once before it changes, it should be held for atlcast one full machine 
cyde. 

7.6,1 TimotfCourtor Control Logic 

Hue timers and counters of 8051 are controlled by TRl /0 bits in TOON, gate bits in 
TMOD and INTI /0 input pins of 8051. The C/T bit in fee TMOD register decides fee 
operation - bit is 0 for timer selection and bit is 1 tor counter operation. This is illustrated 
in Fig. 7.10 



(Inpis pin] 


jpyrigh 


atari a 


Fig. 7.10 Tim encounter control login 
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7.6.2 Timer 0 and Timer 1 

tn this timers. Tuner" or Counter" mode is selected by control bits C/'T in the Special 
Function Register TMOD (Fig, 7.11)- These two TimCr/CountefS have four operating 
modes, which are selected bv bit-pairs (Ml, MO) in TMOD. Modc^ D r 1 and 2 are same for 
boll 1 ! Timer/Counters. Mode 3 Ls different The four operating modes are described as 
follows : 


(MSB) (LS6) 


GATS 

CfT 

Ml 

mo 

GATE 

Off 

Ml 

MD 




Tlnoerl T>mer0 


Ml MO Operating Mode 

a g a-w ftiiwi'caLifitjef'THji'wah'Tijt'a 

pmcaler. 

Q t ItrbiL TimcrJC&jrilfif THi” witTi TLV die 
rntrjrtnri; tick’ in nil p er.Sn cir. 

1 a 0 L-'LuL'j '.'tjJ ririL-'.'C.jL^ilHi 

3 W3li*s whiph ts Stf rpUj^dod into TUk" 

flSGMImfl ■iHWflDML 

1 I 4 Timer g) TLG IS an Timer , 1 Courier 

wn[r^tflti fry Lbg siSnfrand Yunnr if ngntnjt 
bits.. THO is an B-BIl tm»r onty conlfo*&d fry 
TVnea 1 amird frila 

1 1 ;Tini:r 1)T:mei;Ciurt^f 1 3:::ppeu 

Fig. 7,11 TMOD : Timerfcountor mode control register 

MODE 0 


GATE Gating panflral whe n set . Tirrer/DjuiiLei V is 
cisaied only Hitole “INTk‘ pin >5 high ,ind 'TRs'' 
Mintrgj N is set {Swned Timer V Is 
fjiaiji®! wfrw*«r , 'lR^"«jntr«» M is s*L 

&T Tuner pe Cpuntcj seledtar clearer! lor Timer 
frperaUQir (inpu(item internal system csocK). Sel 
for Countef QperB&QnfmpJtlram 'Ti'hipul pinl. 



Fig, 7,12 Ttmen/coimter 1 mode 0 : 13-btt counter 
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Both Timers in Mode 0 Is an 8-bit Counter with a divide-by-32 prescaler, This 13-bit 
timer is MCS-48 compatible. Fig. 7.12 shows the Mode 0 operation as it applies to Timer 1. 
In this mode, the Timer register is configured as a 13-bit register. As the count rolls over 
from all Is to al Cte, it sets (he Timer interrupt flag TF1. The counted input is enabled to 
due Timer when TRJ = 1 and either GATE = 0 or INTI = 1. (Setting GATE = 1 allows the 
Timer to be controlled by external input INTI, to facilitate pulse width measurements.) 
TR1 is a control bit in the Special Function Register TOON (Fig. Z.13> GATE is in TMOD, 


{MSB) fLSB) 


| TF1 

TR1 

i TFO 

i-- 

im 

in 

nr 

150 

rro 1 


Symbol 

Position 

Name and significance 

TF1 

TCON7 

Timer 1 Overflow Flag. Set by hardware on timer/counter overflow. Cleared when 
aiterrupl processed. 

TO1 

TCON.e 

Tims 1 Run control ML Set/deared by software to turn fmertounter on/off, 

TFO 

TCOfJ.S 

Timer ft Overflow Fteg, Set fey hardware on inteffoswter owerflew. Ctesred when 
interrupt processed, 

TRO 

TCQN..4 

Timer 0 Run control tnl Set/(Seared by software to turn limerfcountar on/off. 

El 

TCON.3 

Interrupt 1 Edge Flag. Set by hardware Whan external mtenupt edge detected. 
Cleared when mtemipt processed. 

m 

TCONL2 

Interrupt 1 Type eantel Wt, Seydsared by software to felling edgriow 

level Inggened eternal InrtMnjptt. 

ieo 

TCOM.1 

Interrupt 0 Edge Flag, Set by hardware when external infwTupi edge detected, 
niear&j when interrupt pr«e»rd. 

rro 

TCON.O 

Interrupt 0 Type contra! bit, Setteiearsd by software to specify farting edge4ow 
level triggered eidemai ifftemipts. 


Fig. 7.13 TOON 4imerfoo u ntcrir control/status register 

The 13-bit register consists of all 8-bIfs of TH1 and the lower 5-bits of TL1, The upper 
3-bite of TL1 are indeterminate and should be ignored. Setting tire ran Hag (TK1) does not 
clear the registers. 

Mode 0 operation is the same for Timer 0 as for Timer 1. Substitute TRO, TFO and 
INTO for She correspond Ling Timer J signals in Fig. 7.12. There are two different GATE bite, 
one for Tuner I pTMQD-7) and one for Tamer 0 (TMOD.3), 



rich 

□ 


-rial 





Micro processor & Microcontroller System 7 - 22 


Microcontrofler 8051 


MODE 1 

Mode 1 is the same as Mode 0, except that the Timer register is being run with all 
16-bits, 



TiiTifrr / Counter control logic 


TU 

Bite) 


Tl ■ 1 


!>C!its.| 


*- interrupt 


MODE 2 


Fig, 7.14 Tim encounter 1 mode 0 : 13-bit counter 


Mode 2 configures the Timer register as an S-bit Counter (TLl) with, fiutomatk reload, 
as shown in Fig. 7.15. Overflow from TLl nut only sells TFl, but alM) reloads TLl with the 
contents of THl, which is preset by software. The reload leaves THI unchanged. Mode 2 
operation is the same for Timer/Counter 0. 




Timer I counter control logic 


Fig. 7-15 Tlmer/counter 1 mode Z 


8'bit auto reload 
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MODE 3 

Timer 1 in Mode 3 simply holds its count. The effect is the same as setting TR1 = Q. 
Timer D in Mode 3 establishes TLO and THQ as two separate counters. The logic for 
Mode 3 on Timer 0 is shown in Fig, 7.16. TLO uses the Timer 0 control bits : C/T, GATE, 
TR0, INTO, and TFO, THQ is locked into a timer mode (counting machine cycles} and takes 
over the use of TRl and TF1 from Tuner T Thus, THQ now controls the : Timer 1 
interrupt. 



Fig. 7,16 TFmerfcounter O mode 3 : two 3-bit counters 

Mode 3 is provided foi applications requiring an extra 3-bit timer or counter. With 
Tamer 0 in Mode 3, an ADM :an look like it has three Timer/Co,inters, and an 8052, like it 
has four. When limer Q is in Mode 3 P Timer 1 can be turned on e nd off by switching it out 
of and into its own Mode 3, or can still be used by the serial port as a baud rate 
generator, tir in fact, in am ripplicatinn not requiring an interrupt 

The Table 7.6 summarizes the modes of timers 


Mode 

Brief description 

M ode Q 

13-Mt timer ^TL-^tMts and TH-Sblts). 

Counter overflow is indicated by time interrupt flog 

Mode 1 

16-twt taner fTL-Bbits and TH-JilHtjJ 

Reset is same as mode 0. 

Mode 2 

Automatic reload mode. 9-bit etwriler (TL~6Wt) overflow from 

TL not enty sols TF. but also rdoads TL with the contents of TH. 

Mode 3 

Establishes TL and TH as two separata counters. 


Table 7.6 Summary of timer modes 
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7,7 Serial Port 

Use serial port of 8051 is full duple*, means it can transmit and receive 
simultaneously, it uses register SBW to t»14 data. Register SCON controls data 
communication, register-PCGN controls data rates, am! pin RXD (P3,0) and TXD (P3,1) do 
the date transfer, The serial port receive and transmit registers are both accessed at special 
function register SBUT, Writing to SBUF loads the transmit register, and reading SBUP 
accesses a physically separate receive register. Both mutually exclusive register use 
address 99H. Hie serial port of 8051 is receive-buffered, moaning it can commence 
reception of a second byte before a previously received byte has been read from the 
receive register. (However, if the first byte still hasn't been read by the time reception of 
the second byte is complete, one of die bytes will be lost). 

The 0061 provides four programmable modes for serial data communication.. A 
particular mode can be selected by setting the SMO and SMI bite in SCON, The mode 
selection also decides the baud rate. The Fig. 7,17 (a) and (b) shows the bit patterns for 
SCON and PCON, 

(MSB) (LSB) 


1 

s 

5 

4 

3 

2 

1 

0 

SMO 

SMI 

SM2 

PEN 

IBS 

RB6 

T1 



Symbol 

Position 

Mam* and sig nfficarcH 

SMO 

SCON.7 

Serial port Mate corMnol trt-0. 

Srtfdcarod by wtoo {bca oats). 

SMI 

SCONS 

Serial port Mods control brt-1. 

SeMdrored by software {«* note). 

SMS 

SCON.,5 

Soria! pod Mode control bftl 

Sei &y tottemre te effcatte reception erf frame* tor whksh wi a 1* wo, 

REN 

SCON .4 

R*Q«vef Enable conlrul bit. 

Sst/deared by wftanafB lo anablafriiBafcla aerial dala reception. 

TB6 

SCON..3' 

Tran a mil bit-0. 

SoVdosred by hardware to dctcrrp*no slate of ninrth data M iWtMMM w 9-bH 

UftftT mod®.. 

RBS 

SCON.2 

Receive bit-S. 

Smteteawd by hardware 6o bxfcata note of nuietti data bl received. 

T1 

SCONt 

Tfanamtt tfWfuprf flag. 

Sot by hardware when byte transmitted. Cleared by software after wmansr. 


ipyric 

TJ c! 


hie 


rial 
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Rl 

B 

Frertve rniupnjpt flag. 

Sot by htedwave when byte received. Cleared by Euftware after servicing. 


Nde : 

The state of (SMB. SMI) Belecls : 


Mode 

SMO SMI 


0 

C O - Shut register : baud ■ fl12 


1 

o i ■ h* mRT, vsrtebte Otis rate, 


2 

1 0 B-b«t UAH r. lined data rale ; baud = ttil or 1f&4 


3 

1 i - 9-brl UART. variable data rale, 


Fig. 7.17 fa| SCON^erial port control/status register 

(MSB) (LSB) 


7 

6 

5 

4 

3 

2 

1 0 

SWOP 

- 

- 

- 

GF1 

GFO 

PD i EDI 


Symbol 

Position 

Name and significance 

SWOB 

PCQN.7 

Serial baud rate modify bit, tt to 0 at reset it h sal to i by program te -dauWe 
tee baud rate. 

- 

PCON.6-4 

Not defined 

GF1 

PCON.3 

General purpo» user flag bit-1, Selteleared by program. 

GFO 1 

PCON.2 

General purpose user Dap UHJ. SeVdeartd by program. 

PD 

PCON.1 

Fewer down bit It it set to t by program to enter power down Configuration 
for CHMOS miciwartraltefs. 

POL 

Hi 

Srfle mode bil If is set td 1 by program to enter idle mode canflgura.'lHsri. far 
CHWQS mtefocsmteeltera. 

Koto : FCON » rot bit addressable 


Fig. 7.17 (b> FCON register 


7,7,1 Operating Modes for Serial Port 

MODE 0 

In this mode, serial data enters and exits through RXD, TXD outputs the shift dock, IS 
bite art transinitted/received : 8 data bits (LSB first}. The baud rate is fixed at 1/12 the 
osdUalor frequency. 

MODE 1 

In this mode, 10-bite are transmitted! (through TXD) or received {through RXD) : a start 
bit (0) T 8 data bits (LSB first), and a stop bit (1). On receive, the stop bit goes into RBS in 
Special Function Register SCON, The baud rate is variable. 
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MOPE 2 

In this mode, 11-bits arc transmitted (through TXD) or received (through RXD) s a start 
bit (0), 8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1), CM 
Transmit, the 9th data bit (TB8 in SCON) can be assigned the value of 0 Of L Of, for 
example,, the parity bit (F, in the PSW) could be moved into TB8. On roceivo# the 9th data 
bit goes into RB8 in Special Function Register SCON, while the stop bit is ignored. The 
baud rate is programmable to either Y 32 or 34, the oscillator frequency, 

MOPE 1 

In this mode, 11-bits are transmitted (through TXD) or received (through RXD) : a start 
bit (0), 8 data bits (LSB first), a programmable 9th data bit and a stop bit (1). In fact. 
Mode 3 is the .game at Mode 2 in all respects except the baud rate The bawd rate in Mode 
3 is variable. 

In all four modes, transmission is initiated by any instruction that uses SBUF as a 
destination register. Reception is initiated in Mode 0 by the condition RI = 0 and REN = 1, 
Reception m Initiated in die other modes by the incoming start bit if REN = 1. 

The Table 7,7 summaries the four serial port modes provided by 8051, 


Mode 

Transmission format 

Baud rate 

S 

I data bits 

^ ot dl la tor frequency 

i 

lo,bit (atari bit * a data bit* + slop Wt) 

Variable 

1 

1 Pbit (start Wt + ® data bit* * programmable 9* 
data bit + stop bit) 

Programmable to either JL 
of JL osdtator frequency 

3 

11-bit (start bit + 6 data bit + programmable g^ 1 

data bit + stop to!) 

Variable 


Table 7.7 Summary of aerial port modes 


7.7.2 Serial Port Control Register 

‘The serial port control and status register is the Special Function Register SOON, 
shown in Fig, 7,18, This register contains not only the mode selection bits, but also the 9th 
data bit for transmit and receive (TBS and RB8), and the serial port interrupt bits (IT and 
El). 

7.7.3 Generating Baud Rates 
Serial Port In Mode 6 : 

Mode 0 has a fixed baud rate which is 1/12 of the oscillator frequency. To run the 
serial port in this mode none of the Timer/Counters need to be set up. Only the SCON 
register needs to be defined. 

. Osc, freq, 

" 12 



l J 


righted 


trial 


Baud rate 
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Soria! Port in Mode 1 

Mode I has a variable baud rate. The baud rate can be generated by either Timer I or 
Tamer 2 {£052 Only). 

Using TiroeriCounter 1 to Generate Baud Rates 

For this purpose.. Tuner 1 is used in mode 2 (Auto-Reload). 

kx Oscillator f req. 


Baud rate - 


32x12 x [256-THl )J 


If SMOD = 0, then k = 1. 

If SMOD = 1, then k = 2. (SMOD is the PCON register) 

Most of the time the user knows the baud rate and needs to know the reload value for 
THl, Therefore,, the equation to calculate TH1 can be written a$ : 


TH1 


256 - 


kx Ose, freq, 
SSI x Baud rate 


THl must be an integer value. Mounding off THl to the nearest integer may not 
produce the desired baud rate. In this case, tine user may have to choose another crystal 
frequency, 

Since the PCON register Is not bit addressable, one way to set the bit as logical ORing 
the PCON register, (Le, OKL PCON, #S0H), The address of PCON is 8/H, 

Using TimertCounter 2 to Generate Baud Rates 

For this purpose. Tuner 2 must be used in the baud rate genera Jng mode. Tf Timer 2 
is being docked through pin T2 (PI-Cl) the baud rate is ; 

„ , Tamer 2 overflow rate 

Baud rate = --—- 


And if it is being docked internally the baud rate is : 


Baud rate 


Osc. freq. 

32 x [65536 -{RCA Y2H, RCAP2L)J 


To obtain the reload value for KCAF2H and RECAP2L the above equation can be 
rewritten as : 

RCAP2H, RCAP2L=65536 - ^ - 

32 x Baud rate 


Serial Fort in Mode 2 

The baud rate is fixed in this mode and is or H* of the oscillator frequency 
depending on the value of tire SMOD bit In the FCON register, to this mode none of the 
Timers are used and the dock comes from the internal phase 2 dock. 
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SMOD = 1, Baud rale = V 32 Osc, freq. 

SMOD - 0, Baud, rale — QsC- fr@q. 

To set the SMOD bit : ORL PCON,#80H- The address of PCON is 87H- 

Serial Port in Mode 3 

The baud rale in mode 3 is variable and sets up exactly the same as in mode L 

73 Interrupt Structure 

The 8051 provides 5 interrupt sources, The- 8052 provides 6- These are shown in 
Fig. 718. The external Interrupts INTO and INTI can each be either level-activated or 
transition-activated, depending on bits ITO and FTl In Register ICON, The flags that 
actually generate these interrupts are bite DEO and IEI in TCON. When an external 
interrupt is generated, the flag that generated it is cleared by the hardware when the 
service routine Is vectored to only if the interrupt was transition-activated,. If the interrupt 
was level-activated, then the external requesting source is what controls the request flag, 
rather that the on»ehip hardware. 



interrupt 
sources 

TF1 — . —-- 1 

Tl 

RJ 

Fig. 7.18 M€& - 51 Interrupt structure 

The Timer 0 and Timer 1 Interrupts are generated by ITO and TF1, which are set by a 
rollover in their respective Timer/Counter registers {except see Tuner Q in Mode S). The 
timer flag set upon generation of interrupt is cleared by the on-chip hardware- when 
microcontroller starts execution of particular interrupt service routine. 

The Serial port Interrupt is generated by the logical OR of RI and TL Neither of these 
flags is cleared by hardware when the service routine is vectored to. In fact the service 
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routine will normally have to determine whether it was RI or T1 that generated the 
interrupt and the bit will have to be cleared in software. 

All of the bits that generate interrupts can be set or cleared by software, with the same 
result as though it had been set or cleared by hardware. That is, interrupts can be 
generated or pending interrupts can be cancelled in software. 

Each of these interrupt sources can be individually enabled or disabled by setting or 
clearing; a bit in special Function Register IE [Fig. 7.19) „ IE contains also a global disable 
bit, EA, which disables all interrupts at once. 

Note in Fig- 7.19 that bit portion IE-6 is ummplemented. In the 8051s, bit position IE.5 
also uni mple men ted ■ User software should not write Is to these bit positions, since they 
may be used m future MCS-51 products. 


(MSB) (L3B) 


— 






\EA 

• 

ET2 | E3 | ET1 

EX1 

ETQ 

EB 


Symbol 

Position 

Name and lignilicarce 

EA 


Enable All antral bit. 

Cleared by software to disable all Interrupts. Independent of the state of E.4-iE.O. 

- 

IE.6 

(Reserved) 

ET2 

IE.5 

(Reserved) 

IS 


Enable Serial port control bit. 

Seti'deared by software to enable/disabte interrupts from H or RI flags. 

ET1 

IE.3 

Enable Umar 1 control bit. 

Satteletredi by software to efljtete/dlsfflble in term pis from iimer/eounEer i 

EXt 

IE.2 

Enable External interrupt 1 oantiral bit, 

Selfeleared by software- to enable/ disable Interopte from INTI, 

ETO 

lE.t 

Enable Timer 0 control bit 

Seildeared by software to en.ableM&able inlefrapts from timer/counter 0, 

£X0 

H 

Enable external interrupt 0 control bit. 

SeVdeared by software to enabla/disabla interrupts from INTO. 


Ftp. 7.19 fE-Interrupt enable register 


7,8,1 Priority Level Structure 

Each interrupt source can also be individually programmed to one of two priority' 
levels, by setting Or clearing a bit in Special Function Register IP (Fig. 7,20), A low-priority 
interrupt can itself be interrupted by a high-priority interrupt, but not by another low 
priority interrupt. A high-priority interrupt can't bo interrupted by any other interrupt 
source. 
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(MSB) 


(LSfl) 


C 


- 


PS 

PT1 

PK1 

pro 



Symbol 

Position 

Name and Significance 

- 

IP,? 

(Reserved) 

- 

IP.i 

(Reserved) 

i- 

IP.S 

(Resented) 

PS 

IP.4 

Serial port Priority control bit 

SeVdcared by software to specify fogtvtow priority interrupts lor Serial port 

PTi 

IP.3 

Timer 1 Priority control bit 

Set/deared by software to specify foghflow priority interrupts for ttmericounter 1. 

PX1 

IP.2 

Sternal interrupt 1 Priority control bit 

Settetearsid by software to specify fogh/tow priority jnienupts for WT1, 

pro 

IP.I 

Timer 0 Priority control bit; 

Set/deared by software to specify high/low priority interrupts for timertwunter 0. 

PXU 

SP.0 

Erie mat mtefTrari 0 Priority control bit- Setfoloared by software to specify 
higMow priority interrupt far INTO. 


Fig. 7.20 IP - Interrupt priority control register 
If two requests of different priority levels are received simultaneously, the request of 
higher priority level is servirfed. If requests of the same priority level are received 
simultaneously, an internal polling sequence determines which request is serviced- Thus 
within each priority level there is a second priority structure determined by the polling 
sequence, as follows : 


m. 

Source 

Prfority within Level 

i. 

IED 

(Higiwit) 

2. 

TPQ 


3. 

111 


4. 

TP1 


s. 

Rl * Tl 

(lowest) 


Note that the "priority within level” structure is only used to resolve simultaneous 
requests of the same priority level. 

The IP register contains a number of imimplemenied bits. IP.7 and IP.6 are vacant in 
the and in the 8051s these and IP.5 are vacant. User software should not write Is to 

these- bit positions, since they may be used in future MCS-51 products- 





Microprocessor & Microcontroller System 7 - 31 


Microcorrteolter 8051 


7.B.2 External Interrupts 

The external sources can be programmed to be level-activated or transition-activated, 
by setting or clearing bit IT1 or 1T0 in Register ICON. If lTx = 0, external Interrupt x is 
triggered by a detected low at the INTx pin. If ITx = 1, external interrupt x is 
edge-triggered. In this mode if successive samples of the INTx pin show a high in one 
cycle and a low in the next cycle, interrupt request flag IEx in TOON is set. Flag bit L£x 
then requests the interrupt. 

Since the external interrupt pins are sampled once each machine cycle, an input high 
or low should hold for atleast 12 oscillator periods to ensure sampling. If the external 
interrupt is transition-activated, the external source has to hold die request pin high for 
atleast one machine cycle, and then hold it low for atleast one machine cycle to ensure that 
the transition is seen so that interrupt request flag IEx will be set. [Ex will be automatically 
cleared by the CFO when the service routine is called. 

If die external Interrupt is level-activated, (he externa! source has to hold the request 
active until the requested interrupt is actually generated. Then it has to deactivate the 
request before the interrupt service routine is completed, or else another interrupt will be 
generated,, 

7.8.3 SingledBtep Operation 

The 8051 interrupt structure allows single-step execution with very little software 
overhead. As previously noted., an interrupt request will not be responded to while an 
interrupt of equal priority level is still in progress, nor will it be responded to after RETT 
until atieast one other instruction has been executed. This, once an interrupt routine has 
been entered, it cannot be re-entered until atieast one instruction of the interrupted 
program is executed. One way to use this feature for single-step operation is to program 
One of the external interrupts (say, INTO) to be level-activated. The service routine for the 
interrupt will terminate with the following code i 

JNB P3.2$ ; Wait Here Till INTO Goes High 

JB F3-2$ ; Now Waft Here Till ft Goes Low 

RET1 ; Go back and Execute One Instructuon 

Now if iNTO pin, which is also the P3-2 pin, b held normally low, the CPU will go 
right into the External Interrupt 0 routine and stay (here until INTO is pulsed (from law to 
high to low). Then it will execute KETI, go back to the task program, execute one 
instruction, and immediately re-enter the External Interrupt 0 routine to await the next 
pulsing of P3.2, One step of (he task program is executed each time P3.2 is pulsed. 


7.9 Clock and Oscillator 

A machine cycle consists of a sequence of 6 states numbered SI to S6 (12 oscillator 
periods). Each state is divided into two phases : Phase 1 and Phase 2, During Phase 1, 
Phase 1 clock is active, and a Phase 2 dock is active during Phase 2. Thus, a machine cycle 
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consists of 12 oscillator periods,, numbered SI FI (State I, Phase 1), to S6P2 (State 6> 
Phase!) or 1 psec. If the os cill ator dock frequency is 12 MHz, Each phase lasts for Ofte 
osciMator period. Each state lasts for two oscillator periods. Typically, arithmetic and 
logical operations take place during Phase 1 and internal register-tip-register transfers talc© 
place during Phase 2. 

The diagrams in Fig 7,21 show the fetch/execute timing referenced to the internal 
states and phases. Since these internal dock signals are not user accessible, the XTAL2 
oscillator signal and the ALE (Address Latch Enable) signal are shown for external 
reference. ALE is normally activated twice during each machine cycle : once during S1P2 
and S2P1 , and again during S4P2 and SSP'l- 

S1 S3 Si S4 SS S6 Sf S3 S3 S4 SS S0 SI 
PI P2 PI P2 PI P2 Pt P? PI P? PI P2 PI P2 PI P3 PI P ? PI P? PI P? pi P2 pi P2 
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J REftD READ NEXT-OPCODE {DISCARD) 


1 

1 
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r 

-OPCODE 

1 
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i 
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S 3 

$3 

$4 

ss 

Sfl [I SI 

S 2 

S 3 

S 4 

ss | 


S6 


1C) 1 -feyt»J S-cyela instrucIsGrt, e,g. INC DPTR I 




1 


READ 

OPCODE (MDVX) 

READ NEXT 
OPCODE (DISCARD) 


NO 

FETCH 


READ NEXT OPCODE AGAl-N 


SI 


S2 


S3 


I 


S4 


|D) MOVX J-cycle) 


S3 


se 


i 

i 

1 ■ r t 

E 


NO 

ALE 


S3 


NO FETCH 

JJ 


S3 


ADDR 


DATA 


S4 


is 


Sfi 


r 


ACCESS EXTERNAL MEMORY 

Fig, 7.21 Fetchilxecute sequence 
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Execution of a one-cycle instruction begins -at SlP2 f when the opcode is latched into 
the Instruction Register. If it is a two-byte instruction, the second byte is read during S4 of 
the same machine cycle. If it is a one-byte instruction, there is still a fetch at 54, but the 
byte read (which would be the next opcode), is ignored,, and the Program Counter is not 
incrementedIn any case, execution is completed at the end of 56 P2. Fig. 7.21 (a) ami (b) 
shown the liming for a 1-byte, 1-cycle instruction and for a 2-byte, 1-cycle instruction. 

Most SCSI instructions execute in one cycle- MUL {multiply) and D1V (divide) are the 
only instructions that take more than two cycles to complete. They take four cycles. 

Normally, two code bytes are fetched from Program Memoiy during every machine 
cycle. The only exception to this is when a MGVX instruction is executed- M0VX i$ a 
1-byte 2-Cyete instruction that accesses external Data Memory- During a MQVX, two 
fetches are skipped while the external Data Memory is being addressed and strobed. 
Fig, 7.21 (c) and (d) shown the timing for a normal 1-byte, 2-cycle instruction and for a 
MGVX instruction. 


7.10 Power Saving Options 

The concept of reduction in power consumption is not just to reduce the electric bill 
and battery capacities, but due to reduction in power consumption - 

1} It is able to put more functionality into smaller space. 

2) It allows the use of smaller and lighter power supplies, and less heat being 
generated allows denser packaging of circuit components. Expensive fans and 
blowers can usually eliminated, 

3} It is important to note that cooler running chip is more reliable, since most random, 
and wearout failures relate to die temperature. 

'Hie BQ51 has two power saving features. These are the idle and power down modes of 
operation. The Fig. 7,22 shows the on chip hardware that implements these reduced 
power modes* loth modes are invoked by software. 
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7.10.1 idle Mode 

in the Idle Mode (IDL = 0 in Fig. 7,22), the CPU puts itself to sleep by gating off its 
own dock. It doesn't stop the oscillator. It just stop the internal dock signal from getting 
to the CPU. Since the CPU draws SO to 90 percent of the chip's power, shutting it oft 
represents a fairly significant power savings. The on-chip peripherals (timers, serial port, 
interrupts, etc..) pod RAM continue to function as normal- The Stack Pointer, Program 
Counter, Program Status Word, Accumulator and aE other registers maintain their data 
during idle Mode. 

The Idle Mode is invoked by setting hit 0 (IDL) of the FCON register. FCON is not 
bit-addressable, so the bit has to be set by a byte- operation, such as 

ORL FCON, # 1 

The FCON register also contains flag bits CFO and GF1, which can be used for any 
general purposes, or to give an indication if an interrupt occurred during normal operatic®! 
or during Idle Mode, In this application, the instruction that invokes Idle Mode also sets 
one or both of the flag bits. Their status can then be checked in the interrupt routines. 

White the device is m the Idle Mode, ALE and PSEN are logic high (V^„). Due to this 
external EPROM can be deselected and have its output disabled. 

The port pins hold the logical states they had at the time the Idle was activated, If the 
device is executing out of external program memory, Fort 0 is left in a high, impedance 
state and Port 2 continues to output the high byte of the program counter (using the 
strong pullups to output Is.) If the device is executing out of internal program memory. 
Port 0 and 2 continue to output whatever is in the P0 and P2 registers. 

Termination from the Idle Mode 

There are two ways to terminate Idle Mode ; 

1) Activation of any enable interrupt will cause the hardware to dear bit 0 of the 
FCON register, terminating the Idle Mode- After the execution of the interrupt 
service routine, program execution will resume from the next instruction that 
invoked Idle Mode. 

2^ The other way is with a hardware reset. Since the clock oscillator is still running,, 
RST only needs to be held active for two machine cycles (24 oscillator periods) to 
complete the reset This exit from Idle Mode writes Is to all the ports, initializes all 
SFRs to their reset values, and restart program execution from location 0, 

7.1 G*2 Power Down Mode 

In the Power Down Mode (FD = 0), the CPU puis the whole chip to sleep by turning 
off the oscillator. In case if it is running from an external oscillafor, it also gates off the 
path to the internal phase generators, so no internal clock is generated even if the external 
oscillator is still running. The on-chip RAM, however, saves its date/ as long as \j r is 
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maintained. In this mode the only J Ct , that flows Is leakage, which is normally in the 
micro-amp range. 


The Power Dawn Mod® is invoked by setting bit 1 in the PCON register, using a byte 
instruction such as 


OKI, PCON, #2 

While the device is In Power Down Mode, ALE and P5EN emit low ). The reason 
they are designed to output low is so that power can he removed from the reset of 'the 
circuit, if desired, while (he 60-51 is in its Power Down Mode, 


The port pins continue to output whatever data, was written to them. Note that port 2 
emits its F2 register data even if execution was from external program memory. 

Port 0 also outputs its F0 register data, but if execution was from external program 
memory, the P0 register data is FFH, 

IT® Table 7.B summarizes the status of pins in Idle and Power Down Modes- 


Pin 

Internal execution 

External execution 

Idle 

Power down 

Idle 

Power down 

ALE 

1 


1 

0 

PSEN 

1 

0 

1 

0 

FQ 

SFR Data 

SFR Data 

High-Z 

High-Z 

Pi 

SFR Data 

SFR Data 

SFR Data 

SFR Data 

F2 

SFR Data 

SFR Data 

PC HI 

SFR Data 

P3 

SFR Data 

SFR Data 

SFR Data 

SFR Data 


Table 7,8 Stilus of pins in idle and: power down modes 

Note : 1, "SFR DATA" means the port pins output their internal register data. 

2, "PCH" is the high byte of the program counter. 


Termination front Power Down Mode : 


The only exit front Power Down is a hardware reset. Since the oscillator was stopped, 
RST must be held active long enough for the oscillator to restart and stabilize- Then |he 
reset function initializes at) the Special Function Registers (ports, timers, etc.) to their reset 
values, and restarts the program from location 0= Therefore, timer reloads, interrupt 
enables, baud rates, port status, etc. need to be re-established. Reset does not affect the 
content of the on-chip data RAM. If was held during Power Down, the RAM data is 
still good. 
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Using Power Down Mode : 

The software invoked Power Down feature offers a means of reducing, the power 
consumption in some applications, V ct - to part of the system may be turned off during 
Power Down, so that even quiescent and standby currents are eliminated- But before 
switching off V' a - of any chip signal lines connected to the chip must be brought to a logic 
low,, whether the chip in question is CMOS, NMOS, or TTL. CMOS pins have parasitic p-n 
junctions to V CC/ which will be forward biased if V C £ is induced to zero while the pins are 
held at a logic high. MMQS pin 3 often have FETs that look like diodes to V cc . TTL 
circuits may actually be damaged by an input high if V cc - 0, 

To ensure safe power down operation it is necessary that Vcc for secondary circuit 
must be shut off after the flOSl is in power down end V rc for secondary circuit must be 
switched on before the 6051 is out off power down. The Fig- 7.23 shows a circuit that can 
be used, to turn V CC off to part of the system { secondary circuit } during power down,. 



Fig. 7.23 Power switching circuit for power down mode 

In Fig- 7.23 when V cc is switched on to the 3051 capacitor Cl provides a power-on 
reset. The reset function writes Is to all the port pins- The 1 at F2..6 to ms Q‘l on, enabling 
Vcc to the secondary circuit through transistor Q2, As the SCSI comes out of reset Port 2 
commences emitting the high, byte of the program counter., which results in the P2.7 and 
P2.6 pins outputting Os. The 0 at P2.7 ensures continuation of Vcc to the secondary circuit- 

The system software must now write a 1 to 1*2.7 and a 0 to P2.6 in. the Port 2 SFR, P2. 
These values will not appear at the Pori 2 pins as long as the device is fetching 
instructions from external program memory- However, whenever the 9051 goes into Power 
Down, these values will appear at the port pins, and will shut off both transistors, 
disabling Vcc to the secondary circuit. 
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Closing the switch Si reenergizes the secondary circuit, and at the same time sends a 
reset through C2 to the -8051 to wake it up- The diode D1 is to prevent Cl from hogging 
current from C2 (during this secondary reset. D2 prevents C2 from discharging through the 
RST pin when Vcc to the secondary circuit goes to zero. 

T.11 Multiprocessor Communication in MCS-51 

In 8051 serial modes 2 and 3 have a special, provision for multiprocessor 
communications. In these modes, 9 data bits are received, the It' 1 ' one goes into RB8- Then 
comes a stop bit. The port can. he programmed such that when the stop bit is received, the 
serial port interrupt will be activated only if KBS = L This feature is enabled by setting bit 
SM2 in. SCON. A way to use this feature in multiprocessor systems is as follows. 

When the master processor wants to transmit a block of data to one of several slaves, 
if first sends out an address byte which identifies the target stave- An address byte differs 
from a data byte in that the 9 1 * 1 bit is 1 in an address byte and 0 in a data byte. With 
SM2 * 1, no slave will be interrupted by a date byte. An address byte, however, will 
interrupt all slaves, so that each slave can examine the received byte and see if it is being 
addressed. The addressed slave will clear its SMS bit and prepare to receive the data bytes 
that will be corning- The slaves that weren't being addressed leave their SM2s set and go 
on about their business, ignoring the coming data bytes. 

Review Questions 

1. What t$ mkmcxmtrtilkr? 

2 , Wfari is (ite dtfftrtnct between micrapmessor md micreemiraftcr? 

3, !M the fmiur& of $Q5l mkroconirolkr. 

4, Dnrur and explain tire block diagram of 1 , 

5. Stairs usmeuts medes available for timer Jtt ®5L 

6. £xpfa»i serin! amuHninh'iin modes Supported hf 8051. 

7 - 5 Xft a in interrupt structure of 305i. 

3. Explain lire memory structure of MSI. 

9 . Explain the I/O port structure of 8051. 

JO- Explain the multiprocessor comuniatikm in Stl5L 


□ □□ 


Vy 


wrionieo 


trial 





Copyrighted material 




Instruction Set and 
Programming of 8051 


The 8051 architecture supports several distinct physical address spaces, 
aj On - chip program memory 

b) On - chip data memory 

c) External, program memory 

d) 'External data memory 

e) On-chip special function registers 

The most of the instructions can operate with variables from these physical address 
spaces, 

In this chapter, we will see how to access variables from different physical and logical 
address spaces with the help of different addressing modes. Then we will study different 
instructions supported by $051- 

3.1 Addressing Modes 

The way, using which the date sources or destination addresses are specified in the 
instruction mnemonic for moving the date, is called 'addressing mode h r This section 
explains addressing modes used in $051 with examples. 

t. Register Addressing 

The iOSl can access eight "working registers" (R0-R7). Three bit code within the 
instruction selects one of the eight rcgislcrj; from, the selected register bank. The 
programmer can select a register bank by modifying bite 4 and 3 in the PSW, 


Destination Register 


Source Register 
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Example ; Add the contents of register R3 and R4 from bank 2. 

Step 1 t Select register 'bank, 

MOV PEW, fOOODlOECiB ; select register Bank 2 
Step 2 i Add the contents of R3 and R4„ 

MOV A r R3 
ADD A, R4 

2, Direct Byte Addressing 


Direct addressing can access any on chip variable or hardware register, i.e. on chip 
RAM and special function register. Hie most significant bit of the address decides whether 
it is a location within on chip RAM (MSB = 0} or in special function register (MSB m l). 


Memory 


Destination Register 


Date from 
selected memgry 
Realign 



Address of memory 
with in LhC> instruction 


Example : Affd the: contents of locations 50H and 5iH 

MOV A, SOH ; load byte firorn addrega 5OH into A 

ADD A, 51 FI ; Add the Contents of A and the contents 

; at memory location 51H, 

3. Register Indirect Addressing 


In this addressing mode R0 and Rl of each register bank can be used as an index or 
pointer register RO and Rl point to the contents in the RAM. The instruction with indirect 
addressing uses the W sign. 


Memory 
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Example : ADD the contents of memory location addressed by register 1 to the contents of 
RAM location pointed by register 0. 

MOV ft, (?R0 ; load the contents pointed by RO in A. 

ADD A f @R1 ; Add the contents of A and the contents pointed 

by R1 

4, Immediate Addressing 

In this addressing mode source operand is a constant rather than a variable, So the 
constant can be incorporated in the instruction. Sign indicates it is a immediate 
addressing mode. 


Destination Register 


Data speplied 
In the tnstnjdion 



Example : 

Add ike .corastow t 52 Decimal in Accum viator. 

MOV A, #52 

§. Register Specific 

Inherent in the instruction, these refer to a specific register such as accumulator or 
DFHL 

Example : 

SWAP A ; Swap nibbles within the Accumulator, 

6 Index 

Only program memory can be accessed in the index addressing- Either the DPTR or 
PC can be used as an index register. 


DPTR Register 
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Example ; .feorf data from the program memory 

Move A, iA+PPTR ; This instruction adds the unsigned 8-bit 

; and accumulator contents into sixteen bit* 

; Data pointer, and uses the Sum as an address 
r from which byte to he moved into accumulator* 


8*2 Data Moving (Data Transfer) Instructions 

An immediate, direct,- register and indited: addressing modes are used in different 
MOVE instructions, Table &.1 lists ail types of data moving {data transfer) instructions. 


Mnemonic 


MOV <dast-byte>, <sn>byte> 


MOV A t Rn 


MOV A, UirtMt 


MOV A, 


MOV A, # data 


MOV FLn. A 


MOV Rn. direct 


MOV Rh„ # data 


MOV direct, A 


MOV direct. Rn 


MOV direct, direct 


MOV direct, @ RI 


MOV direct, #dats 





MOV ^ Ri, A 


Copy the byte variable imSested by Ve-byte' into 
the 'dasl-byte' location 


Copy tee eontenfs of register Rn of selected 
register bank to A 


Copy the contents of address spacHied with 
instruction to A, 


Copy the contents of the address in Rp to A. 


Load data given in the instruction to A 


Copy flia contents at a to register up of selected; 

register bank* 


Copy tee contents of address to register Rn dt 
setected register hank. 


Load date given in the instruction to register Rn of 
selected register bank. 


Copy the contents A to the address specified with in 
instruction, 


Copy tee contents of register Rn of selected bank 
register to tea address specified within instruction. 


Copy ire contents of the oddness specified within 
instruction to the address specified within 
instruction. 


Copy tee contents of the address given by register 
Ri of selected register bank to the address specified 
within instruction. 


Load date pren within instruction to the address 
specified within instruction. 


Copy tea contents of A to tee address given by 
register Rf of selected register bank. 
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MOV © Ri, direct 

Copy the contents of address specified within 
insiracttofii to the address spieled by register RI of 
selected register bank. 

MOV @ Rl„ * date 

Load tie data specified within instrurtlofi to the 
address specified by register Ri of selected register 
bank. 

MOV DPTR, n date 16 

Load data pointer wlh a 16-bit Ofim&tartt 


Table 8.1 MOV instructions 


The MOV instructions can be explained completely with example as given below. 


MOV<tiest-byte> d <src-byte> Bytea : 1/2/3 Cycles : 1/2 

Function : Move byte variable _ 


Description : 


Example : 


MOV A, Rn 
Operation : 


The byte variable indicated by the second operand is copied into 
the location specified by the first operand. The source byte is not 
affected. No other register or flag is affected. 

This is by far the most flexible operation. Fifteen combinations of 
source and destination addressing modes are allowed. 


Internal RAM location 3QH holds 40H, The value of RAM location 
40H is 10H. The data present at input port I Is 1I001010B (CAH). 

MOV R0, #3QH RO e- 30H 

MOV A, ®R0 A <- 40H 

MOV Rl, A ; R1 4QH 

MOV B, ® RI ;B<- im 

MOV @ RL Pi; RAM (40H) «- CAH 
MOV F2, FI ; P2 # CAH 

leaves the value 30H in register Q, 4CiH in both the Accumulator 
and register 1, 10H in register B, and CAH (1100101OB) both in 
RAM location 40H and output on port 2- 


(A) *- (Rtl) 


Example : 


MOV A, R.0 ; This instruction copies the contents of the register R0 
of selected register bank to- the accumulator. 
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MOV A f direct 


Example : 

MOV Af 30ff ; This instruction copies the contents of memory 
location whose address is 30H to the accumulator. 

Operation : 

(A) (direct) 

Example : 

MOV A, 30H ; This instruction copies the contents of memory 
location whose address is 30H to the accumulator. 

MOV A, @RJ 


Operation : 

(A) <- (£Ri)) 

Example : 

MOVA, @R1 ; This instruction copies the contents of memory 
location whose address is specified in the register R1 from selected 
register bank. 

MOV A, #data 


Operation : 

(A) i- i data 

Example : 

MOV Ar # 30H ; This instruction copies data given with in 
instruction (30H) into 'tire accumulator. 

MOV Rn, A 


Operation : 

{Tin) ^ (A) 

Example : 

MOV R2, A ; This instruction copies the contents of accumulator in 
R2 register of selected, register hank. 

MOV Rn, direct 


Operation : 

(Rn) <- (direct) 

Example : 

MOV Rl, 40H ; This instruction copies the contents at memory 
address 40H into the R1 register of the selected register hank. 

MOV Rn h § data 


Operation : 

(Rn) <e- # data 

Example : 

MOV R2, #20H ; This instruction loads 20H In the registers R2 of 
selected register bank. 

MOV direct, A 


Operation : 

(direct) ^ (A) 
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Example : 

MOV 20H, A ; This instruction copies the contents of accumulator 
to the direct memory address specified in the instruction (20H) 

MOV direct, Rn 


Operation : 

(direct) *— (Rn) 

Example : 

MOV 3GH, R2 ; This insteuetion copies the contents of register R2 
of selected register bank to the direct memory address specified in 
the Instruction (30H). 

MOV direct, direct 


Operation : 

(direct) *— (direct) 

Example : 

MOV 20H, 4CH ; This Instruction copies the contests of memory 
location whose address is 40H to the memory location whose 
address is 20H, 

MOV direct, @Ri 


Operation : 

(direct) <— (Ri» 

Example ; 

MOV SOU, @R3 ; This instruction copies the contents of memory 
location whose address is given by register R3 of selected register 
bank Into the memory location whose address is 2QH- 

MOV direct, Mata 


Operation ; 

(direct) <— tfdata 

Example : 

MOV 30H, #12H ; This instruction copies data given with in 
instruction 02H) ml® tiw memory location whose address is 3GH. 

MOV @Ri, A 


Operation : 

«W» 4- (A) 

Example : 

MOV SRI, A ; This instruction copies the contents of accumulator 
to the memory location whose address is given by register RI of 
selected register bank. 

MOV @Ri, direct 


Operation : 

(Ri) t— (direct) 

Example : 

MOV # R2, 3flH ; This instruction copies the contents of memory 
location whose address is given within the iratrudion (30H) into 
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the memory location whose address is specified by register R2 of 
selected register bank- 

MOV @1*1, #data 

Operation : [(Kill Mata 

Example : MOV @R2, #MH ; This instruction loads 30H into the memory 

location whose address is specified by register R2 of selected 
register bank 

MOV A, ACC is not a valid instruction, 


MOV DPTR, #date16 Bytes : 3 Cycles : 2 

Function : Load Data Pointer with a 16-bit constant 


Description : 


Example : 


Operation : 


The Data pointer is loaded with the 16-bit constant indicated, The 
16-bit constant is loaded into the second and third bytes of the 
instruction. The second byte (DPH) is the high-order byte, while 
the third byte (DPL) holds the low-order byte- Ho flap are 
affected. 

This b the only instruction which moves 16 bite of data at once. 
The instruction,, 

MOV DFTR, I1234K 

will load the value 1234H into the Date Pointer: DPH will, hold 
12H and DPL will hold 34H- 

MOV 

(DPTR) ^—- Sdata 15“Q 

DPH 4-#datal5-8 DPL <-# date7-0 


€.2.1 Instructions to Access External Data Memory 

The Table 8.2 explains the instruction to access external data memory. 


Mnemonic 

Operation 

MOW A. (®Ri 

Copy the contents of the external address 
in Ri to A 

MOVX A, a DPTR 

Copy the eawterrts of the externa* address 
in DPTft to A, 
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MOVX @ Ri. A 

Copy data from A to the external address 

In Rk, 

MOVX @PPTR, A 

Copy date from A to tep external pqldnws 
in DPTR, 


Table 8 2 

So mu example of the instructions lifted in Table 8.2. ere pvtn below. 


Example 1 ; 

MOVX A,flRQ 

This instruction copies data from the B-bit address in RO to A, 

Example 2 : 

MOVX A, m DPTR 

This instruction copies data from the 16-bit address in DPTR to A, 

Example 3 : 

MOVX @ Rl, A. 

This instruction copies data from A to the 8-bit address in Rl. 

Example 4 : 

MOVX @ DPTR, A 

This instruction copies data from A to the 16-bit address in DPTR. 

The MOVX instructions can be explained completely with example 
as given below. 


MOVX <dest-byte>,<src-byte> Function : Move External Bytes : 1 Cycles : t 


Description : The MOVX instructions transfer data between the Accumulator and 

a byte of external data memory, hence the lf X fI appended to MOV. 
There are- two types of instructions, differing in whether they 
provide an eight-bit or sixteen-bit indirect address to the external 
data RAM. In the first type, the content# of K0 or R1 in the current: 
register bank provide an eight-bit address multiplexed with, data cm 
P0- Eight bits are sufficient for external I/O expansion decoding or 
for a relatively small RAM array. For somewhat larger arrays, any 
output port pins can be used to Output higher-order address bits. 
These pins would be controlled by an output instruction preceding 
the MOVX, In the second type of MOVX instruction, the Data 
Pointer generates a sixteen-bit address, P2 outputs fire high-order 
eight address bits (the contents of DPH) while po multiplexes the 
low order eight bite (DFL) with data, The F2 output buffers are 
emitting the contents of DPH, This, form is faster and more 
efficient when accessing very large data arrays (up to 64 Kbytes)-,, 
since no additional instructions are needed to set up the output 
ports. 

It is possible in some situations to mix tire two MOVX types. A 
large RAM array with its high-order address lines driven by P2 can 
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be addressed via foe Data Pointer, or with code to output 
higtvorder address bite to P2 followed by a MOVX instruction 
using R0 or Rl. 

Example : An. external 256 byte RAM using multiplexed: address/data lines 

(e.gv an Intel 8155 RAM/ I/O/ Timer) is connected to the 8051 
Port 0, Port 3 provides control lines for the external RAM, Porte 1 
and 2 are used for normal I/O- Resistor 0 and 1 contain 12H and 
34H, Location 34H of die external RAM holds the value SbH, The 
instruction sequence, 

MOVX A, @ Rl 
MOVX @ EU,A 

copies foe value 5bH Into both foe Accumulator and external RAM 
location 12H. 

MOVX A, @Ri This instruction copies foe contents of external memory whose 

address is given by register into foe accumulator- 

operation : {A) ■*- {(Ri)) 

MOVX A, @DPTR I This instruction copies the contents of external memory whose 

address is given by DPTR register into the accumulator. 

Operation : I A) <- {{DPTR)) 

MOVX @Ri, A : This instruction copies the contents of accumulator into the external 

memory whose address is given by the register. 

Operation : {{Ri)) <— (A) 

MOVX @DPTR V A : This instruction copies the contents of accumulator into the external 

memory whose address is given by the DPTR register. 

Operation : {{DPTR)) <- (A) 

important Points to flentember in Accessing External Date Memory 

* All external data moves with external RAM involve the A register, 

* While accessing external RAM, Rp can address 256 bytes an 1 DPTR can address 
64 kbytes, 

* MOVX instruction is used to access external RAM or I/O addresses. 

There are two sets of RAM addresses between OQH and FFH, one for in term1 8051 
RAM and another for RAM external to 8051, 
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2.2.2 Instructions to Access External ROM i Program Memory 

Hue Table 8,3 explains the instructions to access external RGM/program memory. 


Mnemonic 

Operation 

MOVC A @ A + DPTR 

Copy the contents of the external ROM address 
form ad by adding A and the DPTR, to A. 

MOVC A @ A + PC 

Copy the contents of the external ROM address 
formed by addding A and! the PC. to A 


Table B.3 


Let the contents of DPTR are 1200 and the contents of A are 61H. 
MOVC A, 41 A + DPTR 

This instruction copies the code byte found at the external ROM 
address formed by adding A and the DPTR, i.e. at an address 
(1200 H + 61 H) 1261 H to A. 

Let the contents of PC are 4000 H and contents of A are 50H, 
MOVC A, @ A + PC 

This instruction copits the code byte found at the external ROM 
address formed by addling A and the PC, Lc. at an address 
*4000 H + 50 K) 4050 H to A. 

The MOVC instructions can be explained completely with example 
as given below. 


MOVC A,@A+<base*res> Function : Move Code byte Bytes : 1 Cycles : 2 

Description : The MOVC instructions load the Accumulator with a code byte, or 

constant from program memory. The address of the byte fetched is 
the sum of the original unsigned eight-bit Accumulator contents 
and the contents of a sbten-bit base register, which may be cither 
the Data Pointer or the PC. In the latter case, 'the PC is 
incremented to the address of the following instruction before 
being added with the Accumulator; otherwise the base register is 
not altered. Sixteen-bit addition is performed so a carry-out from 
the low-order eight bits may propagate through higher-order bits. 
No flags are affected. 

Example : A value between 0 and 3 is in the Accumulator- The following 

instructions, will translate the value in the Accumulator to one of 
four values defined by die DB (define byte) directive. 


Example 1 : 


Example 2 ; 






Microprocassor £ Microcontroller System 8 -12 Ir^trvctl&n Set and 

Programming of 8051 

REL.PC : INC A 

MOVC A,@A+FC 
RET 

m 66H 
DB 77M 
DB 8SH 
DB 99H 

If the subroutine is called with the Accumulator equal to OtH, 
will return with 77H in the Accumulator. The INC A before the 
move instruction is needed to " gel around" the RET instruction 
above the table. If several bytes of code separated the MOVC 
from the table, the corr^pondtog number would be added to the 
Accumulator instead. 

wove A,@A+DPTR ; Hus instruction loads the accumulator from the contents of 

program memory whose address is given by the sum of the 
contents of accumulator and contents of DFTR register. 

Operation : (A) <- {(A) + (DFTR)) 

MOVC A,@A + PC l This instruction loads the accumulator from due contents of 

program memory whose address is given by the sum of the 
contents of accumulator and the contents of program counter. The 
current contents of program counter are Incremented by 1 before 
summation 

Operation : (PC) +- (PC) ■+ l 

(A) <- ((A) 4 (PC)) 

Important Points to Remember in Accessing External Read Only Memory 

* When PC is used to access externa] ROM, it is incremented by 1 (to point to the 
next instruction) before it is added to A to form the physical address of external 
ROM. 

* All external data moves with external ROM involve free A register. 

* MOVC is used with interna! or external ROM and can add 1 css 4 K of internal 
code or 64 K of external code. 

* The DFTR and the FC are not changed. 
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8.2.3 PUSH artci POP Instructions 

The stack refers to an area of internal RAM (hat is used in conjuction with certain 
opcodes to store and retrieve data quickly. The slack pointer, (SP) is an fHbit register used 
by the @051 to hold stack address that is called top of stack The SP is set to 07 B when 
fee S05I is reset In PUSH and POP operations, it is implied feat fee SP holds the indirect 
address. 


£.2.3.1 PUSH 

The PUSH Instruction increments the stack pointer by one and copies data from fee 
source address (specified in the PUSH instmetion) to fee internal RAM location addressed 
by fee stock pointer. Before copy operation, since SP is incremented, fee date is stored 
from low addresses to high, addresses in the internal RAM- As data is pushed, the stack 
grenvs up in internal RAM. The top of fee internal RAM Is at TEH, So if we go on, 
FUS'Hing the date onto the stack after 7FH, fee date is lost. Fig. 8,1 shows fee PUSH 
operation- 


Source address 



Fig. ft.1 PUSH operation 
Instruction : PUSH source address 

Example : PUSH B 

This instruction increments the stock pointer by one and stores the 
contents of register B to fee internal RAM location addressed by 
fee stock pointer (SP)- 

The PUSH instruction can be explained completely wife example as 
given below. 


>py righ 
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PUSH direct 

Function : Push onto stack 

Bytes : 2 

Cycles 

:2 

Description : 

The Slack Pointer is incremented 

by one. The 

contents 

of the 


indicated variable* is then copied into Ac internal RAM location 
addressed by the Stack Pointer, Otherwise no flags are affected. 


Example : On entering an interrupt routine the Stack Pointer contains 09H, 

The Data Pointer holds the value CU23TL The instruction sequence, 

PUSH DPL 
PUSH DPH 

will leave the Stack Pointer set to OBH and store 23H and Q1H in 
internal RAM locations OAH and OBH, respectively. 

Operation : (SF) i- (SF) + I 

(CSP» <- (direct) 

13.3 2 POP 

The POP instruction copies the contents of the internal RAM location addressed by (he 
stack pointer to the destination address- (specified, in the POP instruction). Then the Stack 
pointer is decremented by one. This ensures that data placed on the stack is retrieved In 
the same order as it was stored.. Fig, 8.2 shows the POP operation. 

Instruction : POP destination address 



>py rig hied ma 
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Example ; POP ACC 

This instruction copies the contents of the internal RAM location 
addressed by the stack pointer to the accumulator. Then the stack 
pointer is decremented by one. 

The POP instruction can be explained completely with example as given below* 


POP direct Function : Pop from stack Bytes : 2 Cycles : 2 


Description : 


Example : 


Operation : 


Hie contents of the internal RAM location addressed by the Stack 
Pointer is read, and the Stack Pointer is decremented by one* The 
value read is thm transferred to the directly addressed byte 
indicated. No flags are affected* 

The Stock P(jmtsr originally contains the value 32H, and In to na l 
RAM locations 30H through .3ZH contain the values 2QH contain 
the values 20H, 23H, and OlH r respectively. The instruction 
sequence, 

POP DPH 

POP DPL 

will leave the stack Pointer equal to the value 30H and the Data 
Painter set to 012H. At this point the instiuction. 

POP SF 

will leave the Stock Pointer set to 20H. Note that in this special 
case the Stack Pointer was decremented to 2FH before being 
loading with the value popped (20H). 

(direct) <- ((SP» 

(SF) e- (SP) - 1 


Important Points to Remember during PUSH and POP 

■ When the SP contents become FFH, for the next PUSH, the SP rolls over to OOH, 

* The top of the internal RAM, i-e. it's end address is 7FH. So next PUSHes after 
7FH result in errors, 

■ Generally the SP is set at address above the register banks. 

* The PUSH and POP operations may be applied to the stack pointer (SP), 

* When PUSH and FOP operations are used for the registers from the register 
banks (bank 0 - bank 3), specify direct addresses within the instructions. Do not 
use register name from register bank since the register name does not specify the 
bank in. use. 
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1.2.4 Oats Exchange Instructions 

When aosi executes MOV,, PUSH or POP irestroctiors, the ’copy operation' takes place. 
The data from the source address is copied to the destmatiort address. The data at the 
Source address remains unchanged. The Exchange instructions move data from Source 
address to destination address and vice versa. 


Table 8.4 lists all types of exchange Mrs Inactions in 8051. 


Mnemonic 

Operation 

XCH A. <byte> 

Exchange Accumulator with byte variable. 

XCH A. Rn 

Exchange data bytes between regular fin ana A 

XCH A, direct 

Exchange date bytes between address directly given wrthin insinutifon. and A 

XCH A ® Rl 

Exchange date bytes between A and address in Ri 

XCHO A. @ Ri 

Exchange lower nibble between A end address in Ri. 


Table 8,4 Exchange tost ructions 

All the instructions given in the Table 8.4 are explained completely with example as 
below. 


XCH A,<byte> Bytes ; 1/2 Cycles : 1 Function ■ Exchange Accumulator 

with byte variable 


Description : 


Example : 


XCH A, Rn 

Operation : 


XCH loads the Accumulator with the contort is of the indicated 
variable, at the same time writing the original Accumulator 
contents to the indicated variable- The source / d es tin a ti on operand 
can use register, direct, or register-indirect addressing. 

RO contains the address 20H, The Accumulator hold's the value 
3FH [00111111B). Internal RAM location 20H holds the value 7SH 
[0111O1O1B). The instruction, 

XCH A, ©RO 

will leave RAM location 20H holding the values 3FH [0011 111 IB) 
and 75H (0111CU01B) in the accumulator- 


<— 


XCH A, R0 ; This instruction exchanges contents of accumulator 
with the contents of register RO of selected register bank. 


>rw 
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XCH A d direct 

Operation ; 

(A) (direel) 

4 — 

Example : 

XCH A, 20H ; This instruction exchanges contents of accumulator 
with the contents of memory whose address is given within the 
instruction (2DH) 

XCH A. @Ri 

Operation : 

(A)^(R L ) 

i— 

Example : 

MOV A, #R2 } This instruction exchanges the contents of 
accumulator with die contents of memory location whose address 
is given by the contents of register R2 of selected register bank. 


XCHD A, @Ri Function : Exchange Digit Bytes : 1 Cycles : 1 


Description : 


Example : 


Operation : 


XCHD exchanges the low-order nibble of the Accumulator {bits 
3-0), generally representing a hexadecimal or BCD digits with that 
of the internal RAM location indirectly addressed by the specified 
register. The high<irder nibbles (bEts7A) of each register are not 
affected. Mo flags are affected. 

RO contains the address 20H. The Accumulator holds the value 36H 
(OOllDllOB). Internal RAM location 20H holds the value 75H 
(0111310TB) The Instruction, 

XCHD A, @R0 

will leave RAM location 20H holding the value 76H (01110110B) 
and 35H (00110101B) in the Accumulator 

< A Pi j-n) 


Important Points to Remember In Exottango Instructions 

* All exchanges involve the A register. 

* All exchanges take place internally within 8051. 

* When XCHD A., @ W instruction is executed^ the upper nibble of A end the 
upper nibble of the address in Ri do not change. 

* Immediate addressing mode can not be used in the exchange instructions. 
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8.3 Logical Instructions 

In this section we are going to study byte and bit level logical operations and rotate 
and swap operations. 

Byte and bit level logical instructions operate on data using Boolean operators. They 
can be used, to manipulate data in all 5051 RAM areas (both data and SFRs). We know 
that many of the SFRs, and a unique internal RAM is bit addressable. Such bit 
addressable locations can be efficiently manipulated by bit level instructions. Bit level 
instructions yield compact program code that enhances program execution speed. 

The Table 8,5 gives the mnemonic for various logical operations supported by 8051. 


Bootun Operator 

Mnemonic in f@fi 

AND 

AM. 

OR 

ORL 

XOR 

XRL 

NOT 

GPL 


Table 8,5 


The 8051 also supports rotate instructions, These instructions operate only on a byte, or 
a byte and the carry flag to permit limited, 8 and 9*it shift-register operations. The 
Table 8b shows the mnemonic tor various rotate operations supported by 8051. 


Rotate operation 

Mnemonic 

Rotate byte lefl 

RL 

Rotate byte led through cany 

RLC 

Rotate byte right 

RR 

Rotate byte right through tarry 

RRC 

Exchange the low ml high nibbles in a byte 

SWAP 


Table 8,6 


8*3,1 Byte Level Logical Operations 

The instructions AML GRL, and XKL perform the logical functions AMD, OR , and/or 
Exclusive-OR on the two byte variable indicated, leaving tee results in the first No flags 
are affected 


0 V 
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Hie byte-level logical operations use all four addressing modes for die .source of a data 
byte. Here, directly addressed bytes may be used as the destination with either the 
accumulator or a constant as the source. These instructions are useful for clearing (ANL), 
setting (OKL), or complementing {XRI,} one or more bits in a RAM, output ports, or 
control registeis. 

This, is illustrated in Fig. S.3. 



X X X X 

* 1 1 1 t 

X X K X 


X X X X 
0-000 


booo 


Unknown 0-bil binary number 
Masking pattern 

Result 

- Masked bits 


Fig. H.3 Mashing using AND operation 



+ 


X X X X 

till 


i 1 :t i ■■ 

v 


X X X X 
0 0 0 0 
X X X X 
— Set bits 


Uriknswn tFbil binary number 
Setting pattern 
Result 


Fig. 6.4 Setting tilths using OR operation 



x x x x 
0 0 0 0 

X X X X 


X X X X 

1111 


—E 


Unknown B-bit binary number 
Pattern for irwerling lower 4-bit& 

Rewft 
Invaded bits 


Fig, 6.5 Inversion of part of it number using XQR operation 
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The T^ble 8.7 gives the list of byte level logical operations, 


Mnemonic 


Destination 

Byte 

Cyc 

ANt 

A,.Rn 

AMD negriler to Accumulator 

1 

1 

AML 

A,dirsct 

AMD direct byte to Accumulator 

2 

1 

AML 

A,@Ri 

AMD indirect RAM to Accumulator 

, 

1 ' 

; AML 

A_#data 

AMID immecSste data to Accumulator 

2 

1 

AMI 

dindA 

AMD Accumulator to direct byte 

2 

1 

AML 

direct,#da la 

AMD immediate data to direct byte 

3 

2 

' OHL 

A.Rn 

OR regtotor to Accumulator 

1 

1 

| ORL 

A,dirBd 

OR direct byte to Accumulator 

2 

1 

QRL 

A,@Ri 

OR indirect RAM to Accumulator 

i 

1 

ORL 

AAdate 

OR immediate data to Accumulator 

2 

1 ’ 

ORL 

direct,A 

OR Accumulator to direct byte 

2 

1 

QRL 

direct,Udell 

OR immediate date to direct byte 

3 

2 

XRL 

ARn 

Eiduiive-OR register to Accumulator 

t 

1 1 

XRL 

Attract 

Eicfusive-OR direct byte to Accumulator 

2 

1 

XRL 

A.ORI 

Exelusivs^Ofl: indirect RAM to A 

1 

1 

XRL 

A.tfdate 

EKclu&ivB-OR immediate data to A 

2 

1 1 

XRL 

direct,A 

Exctoehre^OR Accumulator to direct byte 

2 

1 

XRL 

direct,tfdata 

Exclusive-OR immediate data to direct 

3 

2 1 

CLR 

A 

Clear Accumulator 

1 

1 

CPL 

A 

ComplomaTit Accumulator 

1 

1 


Table IT Logical 
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Byte Laval Logical Instructions with Examples 


ANL<dest-byte> p <src-byte> Function: Loglcal-AND Bytes: 1/2/3 Cycles: 1 


Description : 


Example : 


AML A, Rn 
Operation : 
Example : 

AML A direct 
Operation : 
Example : 

anl A @R1 

Operation : 


ANL performs the bitwise logical-AMD operation between tine 
variables indicated and stores the result in tbs; destination variable. 
No dags are affected. 

The two operands allow six addressing mode combinations. When 
die destination is the Accumulator, the source earn use register, 
direct, register-indirect, or immediate addressing; when the 
destination is a direct address, the source can be the Accumulator 
or immediate date. 

Note : When this instruction is used to modify an output port, the 
value used as the original port data will be read from the output 
data latch, not the input pins. 

If the Accumulator holds 8#H (100001001B) and register 0 holds 
95H (10O1D1O1B) in the Accumulator. 

ANL A, RO 

will leave 41H (Q10QQ0U1B) in the Accumulator* 

When the destiJMftart is a directly addressed byte, this instruction 
will clear combinations of bits in any RAM location or hardware 
register 

Hie instruction, 

ANL PI, #0111001 IB 

will dear bits 7, 3, and 2 of output port 1, 


(A) <—(A) A (Kn) 

ANL A ; Logically AND® A and R2 and store result in A. 


(A) 4-(A) A (direct) 

ANL A 2GH ; Logically ANDs contents of A and memory location 
whose address is 20H and stores result in A- 

(A) (A) A m) 


riahl 
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Example ; 

ANL A, @B2 ; Logically ANDs contents of A and memory location 
whose address is given by R2 and stores result to A- 

ANLC A, Malta 


Operation : 

(A) 4 - (A) A fdata 

Example : 

ANL Ar * 50H ; logically ANDs contents of A with 50H and stores 
Jesuit to A. 

ANL direct, A 


Operation : 

(direct) r- (direct) A (A) 

Example : 

ANL ZflH, A ; Logically ANDs contents of A with the contents of 
memory location 2QW and stores result at memory lection 20H. 

ANL direct, Mata 


Operation : 

(direct) 4 — (direct) A Mata 

Example : 

ANL 20H, #20H ; Logically ANDs the contents of memory location 
20H with data 2QH and stores result in memoiy location 20H. 


ORL <dest*byte> <src*t>yte> Bytes : 1/2/3 Cycles : 1/2 

Function : Logical-OR for byte variables 


Description ; 


Example ; 


ORL performs the bitwise logical-OR operation between the 
indicated variables, storing the results In the destination byte. No 
flags are affected. 

The two operands allow six addressing mode combinations. When 
the destination is the Accumulator, the source can use register, 
direct, register-indirect,, or immediate addressing; when the 
destination is a direct address, the source can be the Accumulator 
Or immediate data. 

Note i when tins tosttwetion. Is used to modify an output port, the 
value used as the original port data will he read from the output 
data latch, not the input pins. 

If the Accumulator holds C3H (11QQ0011B) and RO holds 55H 
(01010101B) then the instruction, 

ORL A, RfJ 

will leave the Accumulator holding the value D7H (l 101011 IB) 
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When the destination is a directly addressed byte,, -(he- instruction 
can set combinations of bits in any RAM location or hardware 1 
register. The pattern of fails to be set is determined by a mask byte, 
which may be either a constant data value in the instruction or a 
variable computed in the A ccumid a to r at run-time. The instruction, 

ORL PI, #001100106 

will set bits 5yL and 1 of output Fort 1, 


OWL A, Rn 


Operation : 

(A) 4- (A) V (Kn) 

Example : 

ORL A, H2; ; Logically OKs the contents of A and R2 and! stones 
result in A. 

ORL A, direct 


Operation : 

(A)<- (A) V (direct) 

Example : 

ORL A, 20H ; logically ORs the content* of A and memory location 
20H and stoves result in A 

ORL A r @Rj 


Operation : 

(A) «- (A) V m)) 

Example : 

ORL A, @R2 ; Logically ORS due contents of A and memory 
location whose address is given by register R2 and stores result 
in A, 

ORL A, #data 


Operation : 

(A)«- (A) V ttdata 

Example ; 

ORL A* #32H j Logically ORs the contents of A with 32H and 
stores result in A 

ORL direct, A 


Operation : 

{direct) «— (direct) V (A) 

ORL direct, #data 


Operation : 

(direct) (direct) ¥ Mata 

Example : 

ORL 20H, #30H ; Logically ORs the contents of memory location 
20H and data 30H and stores result at memory location SDH. 


Vy 
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XRL <dest-byte>,<src-byte> Bytes : V2 Cycles : 1 

Function : Logical Exclusive-OR for byte variables 

Description : XRL performs the bitwise logical Exdusive-OR operation between 

the indicated variables, storing the results in the destination- No 
flags are affected, 

The two operands allow six addressing mode combinations- When 
the destination is the Accumulator, the source can use register, 
direct, register-indirect, or immediate addressing; when the 
destination fe * direct address, the source can be 'the Accumulator 
or immediate data. 

(Note ; When this instruction is used to modify an output port, the 
value used as the original port data will be read from the output 
data latch, not the input pins.) 

Example ; If the Accumulator holds OH (ilOOGGIlB) and register 0 holds 

AAH (lOlOlOlOB) (hen (he instruction- 

XRL A, RG 

will leave the Accumulator holding the value 69H (011G1Q01B), 

When the destination is a directly addressed byte, this instruction 
on complement combinations of bite in any RAM location or 
hardware register. The pattern of bits to be complemented is then 
determined by a mask byte, either a constant contained in the 
instruction or a variable computed in the Accumulator at run-time. 
The instmrttan, 

XRL PI, # GG110G01B 

will complement bits 4 and 0 of output Port 1, 

XRL A, Rtt 

Operation : (A) <- (A) V (Rn) 

Exam pta : XRL A, R2 ; logically XOK the contents of A and R2 and stores 

result in A. 

XRL A, direct 

Operation ; (A) <- (A) ¥ (direct) 

XRL A, 20H ; Logically XORs the contents of A with memory 
location 23H and stares result in A 
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XRL A, @Ri 


Operation : 

(A) (A) ¥ [(Hi)) 

Example : 

XRL A,®K2 ; Logically XORs the contents of A and the memory 
location whose address is given by R2 and stores result in A. 

XRL A, #data 


Operation : 

(A) i- (A) ¥ # data. 

Example : 

XRL A, #40H ; Logically XORs the contents of A with data 4QH 
and stores result in A. 

XRL direct, A 


Operation ; 

(direct) *- (direct) ¥ (A) 

Example : 

XRL 2GH, A ; Logically XORs the contents at 2QH and the A and 
stores the result at 30H- 

XRL direct, ffdata 


Operation : 

(direct) *— (direct) ¥ tdafca 

Example : 

XRL 3OH, #4011 j Logically XORs tit® contents at 30H and data 40H 
and stores the result at 30JHL 

CLR A 

Function : Clear Accumulator Bytes : 1 Cycles : 1 

Description ; 

The Accumulator is cleared ( all bite set on zero). No flags are 
affected. 

Example : 

The Accumulator contains 95H (100101 DIB). The instruction. 


CLR A 


will leave the Accumulator set to DOH (OOOOOOOOR). 

Operation : 

(A) <— 0 

CPL A Function : Complement Accumulator Bytes : 1 Cycles : 1 

Description : 

Each bit of the Accumulator is logically complemented (one's 
complement). Bite which previously contained a one are changed to 
a zero and vice-versa. No flags are affected, 

Example : 

The Accumulator contains 5BH (D1010101B), The instruction. 
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CPL A 

will leave the Accumulator set Id AAH (10101010B). 

Operation : (A) t- (A) 

8.3.2 Bit Level Logical Operations 

Bit level manipulations are very convenient when it is necessary to set or reset a 
particular fait in the internal HAM or SFRs. The internal RAM of 80S! from address 20H 
through 2FH is both byte addressable and bit addressable- However, byte and bit 
addresses are Afferent The Table BM shows die correspondence between byte and bit 
addresses 


Byte Address hi Hex 

Bh Address in Hex 

20 

OM? 

21 

03-OF ' 

22 

10-17 

23 

1B-1F 

24 

20-27 

23 

28-2F 

26 

30-37 

27 

3WF 

26 

40-47 

29' 

4&4F 

2A 

50-57 

20 

58-5F 

2C 

60*87 

2D 

68-6F 

2E 

70-77 

2F 

76 7F 


Table 9.B Bit and byte addresses of internal RAM 

As shown in the Table B.B, addresses of bit 0 and bit 7 of internal RAM byte address 
20H are OOH end 07H respectively. From Table @.8 we can easily interpolate addresses of 

bit 1 and bit 6 of internal RAM byte address 26H as 3lH and 36H, respectively, 

\ 

Like internal RAM, gome SFRs are bit addressable- The Table S.9 shows the bit 
addressable SFR and the corresponding bit addresses. 
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SFR 

Direct Address Ln Hax 

Bit Address In Hwc 

A 

SO 

EO-ET 

B 

FO 

F0-F7 

E 

AS 

AStAF 

IP 

ae 

BS-6F 

P0 

80 

8M7 

PI 

®o 

mm 

P2 

AO 

A£FA7 

P3 

BO 

B0-B7 

PSW 

DC 

D0-D7 

ICON 

80 

8S3F 

3COM 

98 

SMF 


Table ftJ Bit and byte addressee of SFfta 

Tile Table 8-10 gives the list of bit level operations. 


Mnemonic 

Operand* 

Description 

Byte 

CyC 

Gift 

c 

Clear Cany flag 

i 

1 

CLP 

bit 

Clear direct bit 

2 

1 

SETB 

C 

Set Cany tag 

1 

1 

SETB 

bn 

Set dirad bit 

2 

1 

CPL 

c 

Complement Carry flag 

1 

1 

CPL 

bit 

Complement direct bit 

2 

1 

ANL 

Oil 

Ah D died bit to Carry lies 

2 

2 

ANL 

cm 

AND complement of direct bit to Cany 

2 

2 

ORL 

CM 

Oft direct bit to Carry flag 

a 

2 

ORL 

cm 

OR complement of direct bit. lo Carry 

2 

2 

MOV 

G.brl 

Move direct bit to Carry flag 

2 

1 

MOV 

blt.C 

Move Cany flag to direct bil 

a 

2 


Table 3.10 Boolean variable manipulation 
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Bit Level instructions with Examples 



CLR bit Function : Clear bit 

Bytes: 1 

Cycles 1 1 


Description ; 

The indicated bit is cleared (reset to zero)- No other flags are 
affected. CUt can operate on the carry flag or any directly 
addressable bit 

Example : 

Bort 1 Ms previously been written with FPH (11111111B). The 
instruction, 


CLR PI-2 


will leave the port set to FBH (lllllOllB) 

cut C 


Operation : 

(Q «-0 

CLR hit 


Operation ; 

CLR 


(hit) *- 0 

surra <bit> 

Function : Set Bit Bytes : 1/2 Cycles : 1 

Description : 

SETS sett the indicated hit to one. SETS can operate on the any 
flag or any directly addressable bit. No other Dags are affected. 

Example : 

Hie carry is cleared. Output Port 1 has been written with the value 
34 H (00110100B), The instruction. 


SETS C 


SETA FLO 


will leave the carry flag set to 1 and change the data output on 
Port 1 to 3SH (001101MB). 

SETS C 


Operation : 

(Q«-l 

SETS bit 


Operation : 

(bit) <-1 


0V 

\ J 


righted 
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CPL lilt Function : Complement bit Bytes : 1/2 Cycles : 1 

Description : The bit variable specified is complemented. A bit which had been a 

one is changed to zero and vice-versa. Mo other flags are affected, 

CLR can operate! on the carry or any directly addressable hit. 

Note : When this instruction fs used to modify an output pip, the 
value used as the original data will be read from the output data 
latch*, not the input pin. 

Example : Port 1 has previously been written with FFH (111 11111B). The 

instruction 

CPL Pl.l 

will leave the port set to FBH (11111101B) 

cpl e 

Operation : (C) <- (Q 

CPL Wt 

Operation ; (bit) *- (bit) 

ANL C,<src-bit> Function : Log!cal-AND for tilt variables Bytes : 2 Cycles : 2 

□ascription : If the Boolean vain# of the source bit is a logical D then dear the 

carry flag; otherwise leave the cany flag in its current state. A 
s la sh (V') preceding the operand in the assembly language 
indicates (hat the logical complement of the addressed bit is used 
as the source value* but die source bit itself is not affected. No 
flags are affected. 

Only direct addressing is allowed for the source operand. 

Example : Set the cany flag if, and only if* P1.0 ■ 1* AC.C.7 - 1, and OV = 0: 

MOV C* Pl.O ; LOAD CARRY WITH INPUT PIN STATE 
AML C ACC,7 ; AND CARRY WITH ACCUMULATOR. BIT 7 
AML C../OV ; AND WITH INVERSE OF OVERFLOW FLAG 

ANL C, bit 

Operation : (Q 4— (C) A (bit) 

py righted material 
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Operation ; (Q < ■■ (Q A (bit) 



ORL C t <src-blt> 

Function : Logical-OR for bit variables 

Bytes i 

t Cycles ; 2 


Description ; 

Set the carry flag if the Boolean value is a logical 1; leave the carry 
in its current stale otherwise- Stash ("/") preceding the operand in 
the assembly language 1 indicates that 'the logical complement of the 
addressed bit is used as the source value, but the source bit itself is 
not affected. No other flags are affected. 

Example ; 

Set the carry flag if and only if P10 - 1, ACC? * 1, or OV - 0: 

MOV C,P1Q ; LOAD CARRY WITH INPUT PIN PIG 


ORL CACC-7 ; OK CARRY WITH THE ACCBIT7 

ORL C,/OV ; OR CARRY WITH THE INVERSE OF OV, 

ORL C f bit 

Operation : 

(Qt-(QV (bit) 

ORL cjm 

Operation : 

(Q ^ (Q V (bit) 


MOV <dest-bit>, <src-bh> Function : Move bit data Bytes : 2 Cycles : 1/2 


Description : 


Example : 


MOV C, bit 
Operation : 


The Boolean variable indicated by the second operand Is copied 
into the location specified by the first operand* One of the 
operands must be the carry flag; the other may be any directly 
addressable bit No other register or flag is affected. 

The cany flag Is originally set. The data present at input Pori 3 is 
(11000101B). The data previously written to output Port 1 is CSH 
(oaiiOioiB). 

MOV Pl,3, C 
MOV C P3 3 

MOV PI.2, C will, leave thy cany cleared and change Port 1 to 
39H (0011100IB), 


CO 4^ (bit) 


Vy 


ivnonted 
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MOV bit C 

Operation : (C) *- (bit) 

6*3*3 Rotate and Swap Operations 

Hie Table ail gives the list of rotate and swap operations supported by 3051. 


Mnemonic 

Operand 

p—tkuteon 

Byte 

Cyc 

RL 

A 

Rotate Accumulator left 

1 

1 

RLC 

A 

Rotate A left through the Cany flag 

1 

1 

RR 

A 

Rotate Accumulator Right 

1 

1 

RRC 

A 

Rotate A Right through Cany flag 

1 

1 

SWAP 

A 

Swap nrbWej within to# Accumulator 

t 

1 


Tatale 8*1 f List of rotate and swap operations 


Rotate and Swap Instructions wfit Examples 


RL A Function : Rotate Accumulator Left Bytes: 1 Cycles : 1 


Description ; 


Example : 


Operation ; 


Hie eight bits in. the Accumulator are rotated one bit to the left. 
Bit 7 is rotated into the bit 0 position, No Hags are affected. 



3 

5 

4 

3 

2 

i 

0 

£ 

E 

E 

E 

E 

E 

E 

E 

- 

, 1 


The Accumulator holds are value C5H (11000101B), The instruction, 
RL, A 

leaves the Accumulator holding the value BBH (1*00010116) with 
the carry unaffected. 

(An + 1)4- (An) n - 0 - 6 

(A0) ^ (AT) 


>py righ 
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RLC A Bytes : 1 Cycles : 1 Function : Rotate Accumulator Left through 

the Cany flag 

Description : The eight hits in the Accumulator and die carry flag are together 

rotated one hit to the left. Bit 7 moves into file carry flag; (he 
original slate of the cany Wag moves into the bit 0 position. No 
other flags are affected. 



Cany 

flag 


Example : The Accumulator holds the value CSH {11000101B) Y and the carry 

is zero. The instruction, 

RLC A 

leaves the Accumulator holding the value SBH (1000101 Oft) with 
toe cany set 

Operation : (An + 1)«— (An) n ■ D - b 

(AO) +- {Q 
(Q 4- (AT) 


RR A Function : Rotate Accumulator Right Bytes : 1 Cycles ; 1 


Description : The eight hits in the Accumulator are rotated one bit to the right- 

lit 0 is rotated into the bit 7 position. No flags are affected. 



Example : The Accumulator holds the value C5H (110G01G1B) The instruction, 

RR A 

leaves the Accumulator holding (he value E2H (1110QG1QB) with 
th* carry unaffected. 



Operation ; 


(An) «— (A n + 1) = 0 - 6 

(AT) <- (A0) 
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RRC A Bytes : 1 Cycles : 1 Function : Rotate Accumulator Right 

through Carry flag 

Description ; The eight hits to the Accumulator and the cany flag are together 

rotated one hit to the right. Bit 0 moves into the cany flag; the 
original value of the carry flag moves into fee bit 7 position- No 
other Hags are affected. 



Cany 

(lag 


The Accumulator holds the value C5H (IIOOOIOIB), the carry is 
zero, The instruction 

RRC A 

leaves fee Accumulator holding the value 62 (0110001OB) with fee 
carry set, 

(An) *— (An -+■ 1) n = 0~6 
(AT) ns— (Q 

<q (ao) 

SWAP A Function: Swap nibbles within the Accumulator Bytes: 1 Cycles :1 

Description : Swap A interchanges the low-and tugh-Order nibbles (four-bit 

fields) of the Accumulator (trite 3-0 and bite 7-4), The operation c an 
also be through of as a four-bit rotate instruction, No flags are 
affected, 


7 

4 

3 

r 0 

Higher nihbte 

Lftwer nibble 





Example : The Accumulator holds the value C5H (11000101B), The instruction 

SWAP A 

leaves the Accumulator holding tire value 5CH (0101 HOC®) 

Copyrighted material 

r / cj 


Example : 


Operation : 
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Operation : 


SWAP 

(A [j) {A j_ ^} 


8 A Arithmetic Instructions 

The arithmetic operations of SOSl include increment, decrement, addition, subtraction, 
miiltiplicatitm, division and deci m al operations, like logical operations, arithmetic 
operations also affect flags. Let us see the instructions which affect flags before going to 
study arithmetic instructions in 'det ail . 

8.4.1 Flags 

We know that, the 8051 has four flags ; the Carry (C), Auxiliary Carry (AC), Overflow 
(OV), and Parity (P). The C, AC and OV flags are arithmetic flags. They are set to 1 or 
cleared to § automatically, depending on the result of instructions, shown in Table E.12. 


Imtnidfan 

Flags AHvctod 

AC© 

C 

AG 

OV 

ADPG 

G 

AG 

OV 

ANL C, drai 

G 



CJNE 

G 



CLRC 

C*5 



GPL C 

c ■ c 



OAA 

c 



D1V 

c»o 

OV 


MOVC, ifineOt 

c 



MUL 

C aO 

OV 


ORL C, direct 

c 



«jG 

c 



RRC 

c 



SETB C 

G = 1 

. 



SUB& 

c 

AC 

OV 


Tabls 8.12 Flags affected by instructions 


DV 

r J 
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8.4.2 Incrementing and Decrementing 

Incrementing and decrementing instructions allow addition and subtraction of 1 from a 
given number. These instructions not affect C, AC and OV flags. The Table 8.13 lists the 
increment and decrement imlmctioiis. 


Mnemonic 

Operand 

□ncriptjon 

Byte 

eye 

EMC 

A 

Increment AccWTMiMor 

1 

i 

HC 

Rn 

Increment register 

1 

1 

INC 

diect 

Increment direct byte 

2 

i 

INC 


Increment indirect RAM 

1 

i 

DEC 

A 

Deere me rrl Accumulator 

t 

i 1 

DEC 

Rn 

Decrement register 

1 

i 

DEC 

direct 

Decrement dined byte 

2 

i 

DEC 

QRj 

Decrement indirect RAM 

1 

i 

INC 

DPTR 

Increment date Pointer 

1 

2 


Table 8.13 


Incrementing and Decrementing Instructions 


INC <hyte> Function : Increment Bytes : 1/2 Cycles : 1 


Description : INC increments the indicated variable by L An original value of 

DM will overflow to OOH. No flags are affected. Three addressing 
modes are allowed; Register, direct or register-indirect 

Note : When tills instruction is used to modify an output port, the 
value used as the original port data will be read from the output 
data latch, not Che itiptit pins. 

Example : Register D contains TEH (01111111QB), Internal 1AM locations 7tH 

and 7FH contain OFFH and 4QH r respectively- The instruction 
sequence, 

INC 6R0 

IN C IP 

me @ro 

will leave tegis-ter 0 set to 7FH and internal RAM locations TEH 

and 7FH holding ( respectively ) 00H and 41H. 


Vy 


ivriahted 
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INC A 


Operation : 

(A) «- (A) + l 

INC Nit 


Operation : 

(Rn) *- (Rn) +■ 1 

Example : 

INC R2 ; increments contents of R2 by 1 

INC direct 


Operation : 

(direct) (direct) + 1 

Example : 

INC 20H ; Increments contents of memory location whose address 

i$ given within the instruction (20(H). 

INC @R\ 


Operation : 

(Oti)) *- ((Ri)) + 1 

Example : 

INC ©R2 ; increment contents of memory location whose address 
is given by register R2 by L 

INC DPTR 

Function : Increment Data Pointer Bytes : 1 Cycles ; 2 

Description : 

toawwu ttw 1U* dm power by 1- A Mttt inewawm 

(moduloZ ) fa performed,; an overflow of the low-order byte of tine 
data pointer (DPL) from FFH to DOH will incremeat tine high-order 
byte (DPH). No flags are affected. 

This is the only 16-bit register which can. be towemented- 

Example : 

Registers DPH and DPL contain 12H and FEH, respectively. The 
instruction, sequence, 

INC DPTR 

INC DPTR 

INC DPTR 

will change DPH and DPL to 13H and 01H. 

Operation : 

(DPTR) 4- (DPTR) + 1 


'TIClhi 


mi 
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PEC byte Function : Decrement 

Bytes: 1/2 

Cycles: 1 


Description : 


Example : 


DEC A 


The variable indicated is decremented by 1. An original value of 
00H will underflow to 0FFH, No flags are affected. Four operand 
addressing modes are allowed: accumulator, register, direct, or 
register-indirect. 

Note s When this instruction is used to modify an output port# the 
value used as the original port date will be reed, from the output 
data latch, not the input pins. 

Register 0 contains 7FH |0111111 IB), Internal RAM locations TEH 
and 7FH contain O0H and 40H, respectively. Hie ir^tnictlon 
sequence, 

DEC ©RD 
DEC RO 
DEC ©RO 

wil leave register 0 set to TEH and internal RAM locations TEH 
and 7FH and TFH set to 0FFH and 3FH. 


Operation ; (A) *— (A) - 1 


DEC Rfi 
Operation ; 

Example : 
DEC direct 
Operation : 

Example : 

DEC @Rn 
Operation : 

Example : 


{Rn) «- (Fri) - 1 

DEC R3 ; Decrements contents of R3 by 1 

(direct) +- (direct) - 1 

DEC 20H ; Decrements the contents of memory location whose 
address is 20H by 1. 

m) <- am -1 

DEC ^R2 ; Decrements the contents of memory location whose 
address h given by register K2 by 1, 



I 
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8.4,3 Addition 

The SOSl supports two addition instructions : ADD astd ADDC, The ADD instruction 
adds a byte variable with the accumulator, leaving the result in the accumulator. The canty 
Hag is set if there is an overflow from hit 7 and cleared otherwise. The AC flag is set to 
(he carry-out from bit 3 for use by the DA ins truth on described later. ADDC adds the 
previous contents of the carry flag with (he two byte variables, but otherwise is the same 
as ADD, 

The Table shows the list of addition instructions imported by 8051, 


Mnemonic 

Operand 

Description 

Byte 


ADD 

A.ftn 

Add register to Atcjmu latrn 

1 

i 

ADO 

A.direct 

Add! direct byte to Accumulate r 

2 

i 

ADD 

A,@R! 

Adi Indirect RAM to Ajocmmutatw 

1 

T 

ADD 

A,<Wa(a 

Add 'immediate date to Asromuteter 

2 

1 

AOOC 

A,Rn 

Add register to Aocwnutalof with Carry 

1 

1 

ADDC 

A,direct 

Add direct byte to A with carry lag 

2 

1 

ADDC 

A,dgRa 

Add ind ireol RAM to A with Carry lag 

1 

1 

ADDC 

A,#data 

_ _i 

Add immediate date to A wite Cany flag 

_ l _ 

1 


Addition Instructions 


ADD A,<src-byte> Function : Add Bytes 1 1/2 _ Cycles : 1 

Description : ADD adds the byte variable indicated to the Accumulator, leaving 

the result in the Accumulator, The carry and auxiliary-cany flags 
are set, respectively, if there is a carry-out from bit ? or Ml 3, and 
cleared otherwise, When adding unsigned integers, the cany flag 
indicates an overflow occurred. 

When adding signed integers, QV indicates a negative number 
produced as the sum of two positive operands, or a positive sum 
from two negative operands. 

Four source operand addressing modes are allowed: register, direct, 
register-indirect, or Immediate- 

The Accumulator holds 89H (1DD01001B) and register 0 holds 95H 


Example : 
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ADD A, HO 


will leave IE (00011 HOB) in the Accumulator with the AC flag 
cleared and both the cany Rag and O'V set to 1, 

ADD A, Rn 


Operation : 

(A) <- (A) + (Rn) 

Example : 

ADD A, R2 t Adds contents of A and K2 and store result in A, 

ADD A h direct 


Operation : 

(A) *- (A) + (direct) 

Example : 

ADD A, 20H ; Adds contents of A and memory whose address is 
20H, and store result in A. 

ADD A, @Ri 


Operation : 

(A) <- (A) + «RI)> 

Example: 

ADD A, @R2; Adds contents of A and memory whose address is 
given by register R2, and store result in A 

ADD A, #data 


Operation : 

(A) (A) + #data 

Example : 

ADD A, #201* } Adds the contents of A and 20H 


AODC A,<src-tayte> Function ; Add with Carry Bytes : 1/2 Cycles : 1 

Description : ADDC simultaneously adds the byte variable indicated, the cany 

flag and die Accumulator respectively, if there is a cany-out from 
bit 7 or bit % and cleared otherwise. Whm adding unsigned 
integers, the any flag indicates an overflow occurred. 

When adding signed integers, OV indicates a negative number 
produced as the sum of two positive operands or a positive sum 
from two negative operands. 

Pouf source operand addressing modes ire allowed : 
register-indirect, or immediate. 

The Accumulator holds 89H (10001001B) and register 0 holds 95H 
(10010K51B) with the cany flag set. The instruction, 

ADI , . • EQ 


Vy 
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will leave 1FH (0001V111B) in the Acomiiilatnr with AC cleared 
and both the Carry flag and OV set to 1. 


ADDC A ? Rri 


Operation : 

(A) <- (A) + {Ci +■ (Rn) 

Example 

ADDC A, R2 t Adds the contents of A, R2 and carry Bag, and 
stored result in A. 

ADDC A,, direct 


Operation : 

(A) *r- (A) + (Q + (direct) 

Example ; 

ADDC A, 20H ; Adds the contents of A, memory location whose 
address is 20H and the cany flag and stones result in A 

ADDC A, @Ri 


Operation t 

(A) 4- (A) + (Q + ((RJ) 

Example : 

ADDC A, 8R2 ; Adds the contents of A, memory location whose 
address is given by register 12 and the carry flag, and stores result 
in the A. 

ADDC A, #d*ta 


Operation : 

(A) ■«- (A) + (C) + Mata 

Example 

ADDC A, #20H ; Adds the contents of A and cany flag and 20H 
and stores result in A. 

8.4,4 Subtraction 



The BQ51 supports one sub tract on instruction SUBE. The SUBB (subtract with borrow ) 
instruction subtracts the byte variable indicated and the contents of the cany Bag together 
from the accumulator, and puts the result back in the accumulator. The cany Hag serves as 
a "Borrow Required* flag during subtraction operations when a greater value is subtracted 
from a lesser value fas in subtracting 5 From 1} requiring a borrow into the highest order 
bit, the carry flag is set; otherwise 1 1 is cleared. 


The Table shows the list of subtraction instructions supported by ®0GL 


fifloemonie 

Operand 

Description 

Byte 

Dye 

sues 

ARn 

Subtract regular from A with Borrow 

1 

1 

SUBB 

A,direct 

Subtract (fired byte from A with Borrow 

2 

1 

SUBB 

A@RI 

Subtract indiract RAM hom A wttih Borrow 

1 

1 

SUBB 

A,#dafa 

Subtract cm mediate date from A with Borrow 

2 

1 
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Subtraction Instructions 


SUES A, <src-bytB> Function : Subtract with borrow Bytes. : t Cycles : 1 


Description : 


Example : 


SUES A, Rti 

Operation : 


SUBB subtracts the indicated variable and the carry flag together 
from the Accumulator, leaving the result in the Accumulator. SEJBiJ 
sets the carry (borrow) flag if a borrow is needed for bit 7, and 
dears otherwise. (If C was set before executing a StJBB instruction, 
this indicates that a borrow was needed for the previous step in a 
multiple precision subtraction, so the carry is subtracted from the 
Accumulator along with the source operand.) AC is set if a borrow 
is needed for bit 3, and cleared otherwise. OV is set if a borrow is 
needed into bit 6, but not into bit 7, or into bit 7, but not bit €■ 

When subtracting signed integers OV indicates a negative (dumber 
produced when a negative value is subtracted from n positive 
value, or a positive result when a positive number is subtracted 
from a negative number. 

The source operand allows four addressing modes" register, direct, 
register-indirect, or immediate. 

The Accumulator holds C9M (IIOOIOOIB), register, 2 holds 54H 
(OIOIDIGOB), and the carry flag is set. The instruction, 

SUBB A, R2 

will leave the value 74H (Oil 10100P) in the accumulating with the 
carry flag and AC cleared but G¥ set. 

Notice that C9H minus 5411 is 75H- The difference: between this 
and the above result is due to the cany (bo now} flag being set 
'before the operation. If the slate of the carry Is not known 
before starting, a single or mtdtiple-prerisian subtraction,, it 
Should be explicitly cleared by a CLR C instruction. 


(A) «- (A) - (Q - (Bn) 


Example : 


SUBB A, R3 ; Subtracts contents of R3 pud together from A 
and stores results in A. 


SUBS A, direct 

Operation ; (A) *-» (A) - (Q - (direct) 

Example : StJBB A, 20H ; subtracts the contents of memory location 20H and 

carry together from A stores result in A, 


>py righ 
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SUBB A, @Ri 

Operation : (A) <- (A) - (Q - ((Ri» 


Example : SUBB A, SR2 ; Subtracts the contend of memory Location whose 

address is given by R2 and cany together from A and stores result 
in A- 

SUBB A #data 

Operation : (A) *- (A) - (C) - Mata 


Example : 


SUBB At #20H ; Subtracts 20H from A and Stores result in A. 


£.4.5 Multiplication and Division 

The instruction "MUL AB" multiplies the unsigned, eight-bit integer values held in the 
accumulator and B^wgistet. The low-order byte of the sixteen-bit product is Left in the 
accumulator, the higher-order byte in B., If the high-order eight-bits of the product are all 
zero, the overflow flag is cleared; otherwise it is set, The programmer can check OV to 
determine when the B register is non-zero and must be processed. 

"DT¥ AB" divides the unsigned eight-bit integer in the accumulator by the unsigned 
eight-bit integer in the B-regifiter. The integer part of the quotient is returned in die 
accumulator,, the remainder in the B register. If the B-register originally contains GGH then 
the overflow flag will be set to indicate a division error, and the values returned will be 
undefined. Otherwise OV is cleared. 

The divide instruction is also useful for purposes such as radix conversion or 
separating bit fields of the accumulator. A short subroutine can convert an eight-bit 
unsigned binary integer in die accumulator (between 0 and 255) to a three-digit (two byte) 
BCD representation- The hundred's digit is returned in one register (HUND) and the ten's 
and one's digits returned as packed 'BCD in another (TENONE). 

«#- Example 1 : Use of DJV instruction for Radix Conversion. 

BINBCD: CONVERT B-BIT BINARY VARIABLE IN ACC 

TO 3 -DHjIT packed BCD format 
HUNDREDS PLACE LEFT IN VARIABLE 'KUWDT 
TENS AND ONES PLACES Til 'TEMONE* 



HUND 

eqd 

21H 


TENONS 

EQU 

2 ?.n 

BINBCD; 

MOV 

B,*10D 

; DIVIDE BY IQS TO 


DIV 

AB 

t DETERMINE NUMBER OF HUNDREDS 


MOV 

HUND, A 



MOV 

A, ilfl 

i LOAD DIVIDER 


KCH 

A,B 

; COUNT 


DIV 

AB 

i DIVIDE 




f REMAINDER BY 10 


JLJV 
i J 


no hi 
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SWAP A 

ADD A,i ; PACK BCD DIGITS IN ACC 

MV TENONEjA 

RET 

The divide instruction can also separate eight bits of data in the aLCumulator into 
sub-fields. For ex ampler packed BCD' data may be separated into two nibbles by dividing 
the data by 16 leaving the high^T ubble in the accumulator and the low-order nibble 
(remainder) in B. The two digits may then be operated on individually or in conjunction 
with each other. This example receives two packed BCD digits in the accumulator and 
returns the product of the two Individual digits in packed BCD format in the accumulator. 

W*# Example 2 : Implementing « BCD Multiply Using MPY surf PJV, 


MULBC D : UNPACK TWO BCD DIGITS RECEIVED IN ACC, 

FIHS] THEIR PRODUCT, 



AND RETURN PRODUCT 

IN 

MULBCDt 

MOV 

B,flOH 

1 


PIV 

AB 

# 


MUL 

AB 

f 

/ 

i 


MOV 

B r fiO 

1 

j 


DIV 

AB 

J 


SWAP A 


I 


GEL 

A, B 

iT 


RET 



Multiplication 

Instruction 




BACKED BCD FORMAT IN ACC 
DIVIDE INPUT BY 19 
A AND B HOLD SEPARATED DIGITS 

£ EACH RIGHT JUSTIFIED Ilf REGISTER} 
A, ISOLDS PRODUCT IN 
BINARY FORMAT 

iO - [DECIMAL} ■ 0 - S3H) 

DIVIDE PRODUCT BY ID 
A HOLDS « OF TENS, B 
HOLDS REMAINDIE 

PACK DIGITS 


MUL AB Function : Multiply_Bytes : 1 Cycles : 4 


Description : 


Example : 


Operation : 


MUL AB multiplies the unsigned eight-bit integers* in the 
Accumulator and register B. The low-order byte of the sixteen-Mt 
product 1$ loft in the Accumulator, and the high-order byte in B, If 
the product is greater than 255 (FFH) the overflow flag is set; 
otherwise it b cleared- The -any flag is always cleared. 

Originally the Accumulator holds the value BO (SOB). Register B 
holds the value 160 (OAOH). The instruction, 

MUL AB 

will give the product 12^00 (320QH), so B is changed to 32H 
(0011001 OB) and the Accumulator is cleared. The overflow flag is 
set, carry is cleared. 


(Ab <“ (A) X (B) 

Copyrighted 
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Division Instruction 



DIV AB Function : Divide 

Bytes : 1 

Cycles * 4 


Description : 


Example ; 


Operation : 


DIV AB divides the unsigned eight-bit integer in the Accumulator 
by the unsigned eight-bit integer in register B. The Accumulator 
receives the integer part of the quotient; register B receives the 
integer remainder. The carry and OV flags will be cleared. 

Exception : If B had originally contained OQH, the value® returned 
in the Accumulator and B-register will be undefined .and th® 
overflow flag will be set. The carry flag is cleared in any case. 

The Accumulator contains 250 (OFBH or 111110101) and B contains 
18 (12H or 0001001 OB). The instruction, 

DIV AB 

will leave 13 in the Accumulator {0DH or 000011011} and the value 
16 (10H or OOD10OOOB) in B„ since 250 = (13 X 10) 4 16. Cany and 
OV will botbi be cleared. 

DIV 

(A) is-s <- (A)/(B) 

(B) j^ 


8.4.® Decimal Arithmetic 

Decimal addition is possible by using the DA instruction in conjunction with ADD 
and/or ADDC- The eight-bit binary value in the accumulator resulting from an earlier 
addition of two variables (each a packed BCD digit-pair) is adjusted to form two BCD 
digits of four bite each. If the contents of accumulator bits 3-0 are greater than nine or if 
the AC flag had been set, six is added to accumulator producing the proper BCD digit in 
the low-order nibble. (This addftiwt might itself set * but would not clear- the carry flag.) 
If the carry flag is set, or if the four high-order bite now exceed nine these bite are 
incremented by six, The cany flag is left set if originally set or if either addition of six 
produces a carry out of the highest-ordex hit. Indicating the sum of the original two KID 
variables is greater than or equal to decimal 100. 

Example 3 : Two Byte DedttmH Add with Registers and Comtanis- 
BCDADD: ASD THE CONSTANT 1,234 (DECIMAL) TO 

the Contents qe register pair <R3><R2> 


MOV 

4 - 

A f R2 

ADO 


A,* 34 

DA 


A 

NOV 


R2, A 



i J 


righted 
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MOV 

A r P3 

APDC 

1.2 Ft 

DA 

A 

MOV 

R3, A 

PET 


PA A Function : Decimal-adjust Accumulator for addition Bytes: 1 Cycles: 1 


Description : DA A adjusts the eight-bit ■value in the Accumulator resulting from 

the earlier addition of two variables {each in packed-BCD format), 
producing two four-bit digits. Any ADD or ADPC instruction may 
have been used to perform the addition. 

If Accumulator bits 3-f> are greater than nine (xxxxlQlO-xxxxl111), 
or if the AC flag is one, six is added, to the Accumulator producing 
the proper BCD digit in the low-order rabble. This internal addition 
would set the carry Bag if a carry-put of the low-order four-bit 
held propagated through all high order bite, but it would not dear 
the carry flag otherwise. 

If the carry flag is now set, or if the four high-order bite now 
exceed nine (IOIPhok-IIIIkxxx), these high-order bite are 
incremented, by six, producing the proper BCD digit in the 
high-order nibble. Again, this would set the cany flag if there was 
a carry-out of tire high-order bite, but wouldn't clear the carry. The 
carry flag thus, indicates if the sum of the original two BCD 
variables is greater than 100, allowing multiple precision decimal 
addition, QV is nol affected. 

Ail of this occurs during the one instruction cycle. Essentially, this 
instruction performs the decimal conversion by adding 00H, 
or 66H to the Accumulator, depending on initial 
Accumulator and PSW conditions., 

Note i DA A cannot simply convert a hexadecimal number in the 
Accum ul ator to BCD notation, nor does, DA A apply to decimal 
subtraction. 

Example : The Accumulator holds the value 55H (OlOlOlGlB) representing the 

packed BCD digits of the decimal number 55. Register 3 contains 
the value 6SH (011D1000B) representing the packed BCD digits, of 
the decimal number 6®. The carry flag is set. The instruction 
sequence. 

ADDC A, R3 
DA A 


Vy 


jvriQnted 
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will first perform a standard twos-cam p 3ement binary addition, 
resulting in the value BEH (10111110) in the Accumulator. The 
carry and auxiliary carry flags will be cleared.. 

The Decimal Adjust instruction will then alter the Accumulator to 
the value 24H (QQtQCl QQB), indicating the packed BCD digits of 
the decimal number 24, the low-order two digits of the decimal 
sum of 55, 68, and the carry-in. The carry flag will be set by the 
Decimal Adjust instruction, indicating that a decimal overflow 
occurred. The true sum 55, 68 and 1 is 124 

BCD variables can be Incremented or decremented by adding QlH 
or 99H 11 the Accumulator initially holds BOH ( representing the 
digits of 30 decimal), then the instruction sequence. 

ADD A, # 99 H 
DA A 

-will leave the. carry set and 29H in the Accumulator, since 
30 + 99 = 129, The low-order byte of the sum can be interpreted 
to mean 30 - 1 = 29. 

Operation : DA 

IP ll(A^) > 91 OR [(AC)| = 1]] 

THEN (A^) *- (Ajflj + 6 
AND 

IF 1 [(A 74 ) > 9) OR [(Q = If] 

THEN (A 7 ^) <- {A 7A } + 6 


8,5 Jump and CALL Instructions 

Jump and CALL instructions change the flow of the program by changing the contents 
of program counter. A jump permanently changes the program flow whereas call 
temporarily changes the program flow to allow another part of the program to run. There 
are jump instructions which change the program flow if certain condition exists. For 
example, CJNE (compare and jump if not equal). Ibis instruction compares the magnitude 
of the first two operands, and changes program flow if their values are not equal 

The following types of instructions change the program flow t 

* Jump on bit conditions, 

* Compare byte and jump if not equal. 

* Decrement byte and jump if zero, 

* Jump unconditionally. 

* Call a subroutine. 

* Return from a subroutine. 
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3.5.1 Jump dud Call Program Range 

We know that a Jump and call instructions replace the contents of the program counter 
with a new program address. The new address can be specified either by specifying the 
difference between the new address and the current program counter contents or by 
specifying the entire new address. The difference, in bytes, of the new address from the 
address in the program counter 3s called the range of the jump or call. For example, if a 
jump instruction is located at program address 02TOH, and the jump causes the program 
counter to become G230H, then the range of the jump is 30H bytes. Jump and CALL 
instructions may have one of the three ranges. 

* Relative range : +127 to - 128 (+7FH to - 8OH) 

* Absolute range : OOOOH to 07FFH 

* Long range : OGTOH to FFFFH 

3.5.2 Jump 

The SCSI has three forms of jump instruction. Each causes the program to 
unconditionally jump to some other address. They differ in how the machine code 
represents the destination address. 

LJMP (Long; Jump) encodes a sixteen-bit address in the second and third instruction 
bytes (Fig. 8.6); the destination may be anywhere in the 64 Kilobyte program memory 
address space. 

The two byte AJMF (Absolute Jump) instruction encodes its destination using address 
bits 10 through 8 form a three bit field in the opcode and address bits 7 through 0 form 
the second byte. Address bits 15-12 are unchanged from the (incremented} contents of the 
PC, so AJMP can only be used when the destination is known to be within the same IK 
memory block (otherwise 8051 win point out the error). 


a) Long jump { LJMP addr16 1 : 


opcode 


addr 'S-addr 6 


addr 7-addr 0 j 


b) AbsoBurte jump { AJMP addr tl ): 



add 10-addr &j 

M 

E3M | 

«?} Short jump (SJMP ral}: 

1 1 

i r— 

opcode 

1 1 

_1_i_1 

1_ 1 _ 

J_JL _J_ 


Fig. 1.6 Jump instruction machine coda formats 
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A different two-byte jump instruction is legal with any nearby destination, tegudlw 
of memory block boundaries or "pages'' SJMP (Short Jump) encodes the destination with a 
program counter-relative address In the second byte, The CPU calculates the destination at 
run-time by adding the signed cight-bit displacement value to the incremettied PC. 
Negative offset values will cause jumps upto 128 bytes backwards; positive values up to 
127 bytes forwards. {SJMP with 0OH in the machine code offset byte will proceed with the 
following instruction}. 

uka SJMP all conditional jump instructions, use relative addressing- JZ (Jump If Zero) 
and jNZ (Jump if Not Zero) monitor the state of the accumulator as implied by t heir 
names, while |C (jump on Carry ) and JNC (Jump on No Carry) test; whether or not the 
Carry flag is set All four are two-byte instructions, JB (jump on Bit), JNB (Jump on. No Bit) 
and JSC (Jump on Bit then Clear Bit) can test any status bit or input pin with a. three byte 
instruction; the second byte specifics which bit to test and the third given the relative offset 
value. 


The Table 8,14 shows the list of jump instructions supported by 8051, 


Mnemonic 

Ops rand 

□ascription 

wm 


AJMP 

addrl 1 

Absolute Jump 

2 

2 

UMF 

RddrlB 

Long Jump 

3 

2 

SJMP 

rel 

Short Jump (relative ad Ur) 

a 

2 

JWP 

0A-SHDPTR 

Jump Indirect relative to the DPTR 

i 

2 

JZ 

rel 

Jump IT Accumulator is Zara 

2 

2 

JNZ 

ml 

Jump if AcomuMtar is Not Zero 

2 

2 

JC 

ml 

Jump If Carry flag Is set 

2 

2 

JNC 

rel 

Jump if No Carry flag 

2 

2 

JB 

bit, rei 

Jump If direct Brt set 

3 

2 

JNB 

bit, ref 

Jump iT deed Bit Nd! set 

3 

2 

JBC 

bit, net 

Jump if direct Bit is set and Clear bit 

3 

2 

CJNE 

«£tesE-bytB). (sre-byte),. rel 

Campon and Jump If Not Equal 

3 

2 

□JNZ 

byte, <!»!l-sdetf> 

Decrement and Jump If Not Zero 

3/2 

2 


Table 9.14 


dump Instructions 


AJMP addf 11 Function ■ Absolute Jump Bytes : 2 Cycles : 2 


AJMP transfers program execution to the indicated address, which 
is formed at run-tune by concatenating the high-order five bits of 
the PC (after incrementing the PC twice), opcode bits 7-5, and the 
second byte of the instruction. The destination must therefore be 


Oas£fJptioti : 
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Example : 

Operation ■ 

within the same 2K Mock of program memory as the first byte of 
the instruction IbUowing AJMP. 

The label "JMPADR" is at program memory location 0125H, The 
instruction 

AjMP JMPADR 

te at location 0345H and will load the PC with Q125H. 

AJMP 

(PC) *- (PC) + 2 
(PC 1M > <— Page address 

LJMP addrIG 

Function : Long Jump Bytes : 3 Cycles : 2 

Description : 

LJMP causes an unconditional branch to the indicated! address by 
loading the high-order and low-order bytes of the Irrespectively) 
with the second and third instruction bytes. Hie destination may 
therefore be anywhere in the full 64K program memory address 
space. No flags are affected. 

Example : 

The label "JMPADR" is assigned to the instruction at program 
memory location 1234H. The instruction, 

LJMP JMFADR 

at location 0123H will load the program counter with 1234H. 

Operation : 

LJMP 

(PC) *-addr 1M 

SJMP rel 

Function : Short Jump Bytes ; 2 Cycles : 21 

Description : 

Program control brandies unconditionally to the address indicated. 
The branch destination is computed by adding the signed 
displacement in the second instruction byte to the PC, after 
incrementing the PC twice,. Therefore, the range of destinations 
allowed, is from 128 bytes preceding this instruction to 127 bytes 
following it. 

Exempt* : 

The label "RELADR" is assigned to an instruction at program 
memory location Q123H. The bis true Lion, 

SJMPRELADR 

will assemble into location G100H. After the instruction is executed, 
the PC will contain the value 0123H. 


Vy 


ivrianted 
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( Note s Under the above conditions the instruction following SJMP 
will be at 102H, Therefore, the displacement byte of the instruction 
will be ftie relative offset (G123H-0102H) = 21M. Put another way, 
an SJMP with a displacement of OFEH would bo a one-instruction 
infinite loop,) 

Operation : SJMP 

(PC) «- (PC) + 2 
(PC) ^ (Pq +■ rel 


JMP @A + DPTR Function : Jump indirect Bytes : 1 Cycles ; 2 


Description : 


Example : 


Add die eight-bit unsigned contents of die Accumulator with the 
sixteen-bit data pointer, and Load the resulting sum to the program 
counter This will be the address for subsequent instruction fetches. 
Sixteen-bit addition Is performed ( modulo 2 1 ®); a carry-out from 
the low-order eight bits propagates through the higher-order bits. 
Neither the Accumulator nor the Data Pointer is altered- No flags 
are affected. 

An even number from 0 to 6 is in the Accumulator. The following 
sequence of instructions will branch to one of four AJMP 
instructions in a Jump table starting at JMPJTBL : 


JMF_TBL : 


MOV 

DPTR, #JMF_TBL 

JMP' 

SA+DPTR 

AJMP 

LABELO 

AJMP 

LABEL! 

AJMP 

LABELS 

AJMP 

LABEL3 


If the Accumulator equals Q4H when starting this sequence, 
execution will Jump to label LABEL2. Remember that AJMP is a 
two-byte instruction, so the jump instructions start at every other 
address. 


'ncifi' 


trial 


Operation : 


(PQ <- (A) + (DPTR) 








Description : If any bit of the Accumulator is a one, branch to the indicated 

address; otherwise proceed, with (he next instruction. The branch 
destination is computed by adding (he signed relative-displacement 
id tire second! ins traction byte to the PC, after incrementing the PC 
twice The Accumulator is -not: modified. No flags are affected. 

Example ; The Accumulator originally hold OOH, The instruction sequence, 

JNZ LABEL 
INC A 
JNZ LABEL! 

will set the Accumulator to Q1H and continue at label LABEL2- 
fPQ *~{PC) + 2 


Operation : 


IF (A) * 0 

THEN (PC) <- (PC) + rel 
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Ji hit, rel 

Function : Jump if Bit set Bytes : 3 

Cycles i 2 


Description : 


Example : 


Operation t 


If die indicated bit is one, jump to the address indicated!; otherwise 
proceed with the next instruction. The branch destination is 
computed by adding the signed relative-displacement in the third 
instruction byte to the PC, after Incrementing the PC to the first 
byte of tire next Instruction. The bit tested is not modified. No flags 
are affected. 

The data present at input port 1 is 110010IOB. The Accumulator 
holds 56 (Q1Q1011QB). The instruction sequence, 

JB P12, LABEU 
JB ACC.2, LABEL2 

will cause program execution to branch to the instruction at label 
LABEL 2, 

(PC) *- (PC) + 3 

IF (bit) = 1 
THEN 

(PC) <— (PC) + rei 


JNB bit.rel Function : Jump if Bit Not set Bytes : 3 Cycles : 2 

Description : If fie indicated bit is a mm r branch to the indicated address 

otherwise proceed with the next instruction. The branch destination 
is computed by adding the signed relative-displacement in the 
third instruction byte to the PC, after incrementing the PC to the 
first byte of the next instruction. The bit tested is not modified- No 
flags are affected. 

Example : The data present at Input port I is IIOOIOIOB. The Accumulator 

holds .%H (OIOIOIIOB). The instruction sequence, 

JNBFLG, LABEL1 

JNB ACC J, LABEU 

will cause program execution to continue at toe instruction at 
Label LABEU. 

(Ft) <- (PC) + 3 
IF (bit) - 0 

THEN (PC) <■- (PQ + rel 


Vy 


ivriQhtec 


trial 


Operation : 
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JBC bit r rel Function: Jump if Bit is set and Clear bit Bytes: 3 Cycles: 2 

Description : If line indicated bit is turn, branch to the address indicated; 

otherwise proceed with the next instruction, The bit will not be 
cleared jf it is already a zero. The branch destination is Computed 

by adding the signed relative-displacement in. the third instruction 
byte to the pc, after incrementing the PC to the first byte of the 
next instruction. No flags are affected. 

Note : When this instruction is used to test an output pin, the 
value used as the original data will be read from the output data 
latch, not the input pin. 

Example : The Accumulator holds 56 H (010010110B), The insduetion 

sequence, 

JBC ACC.3, LABEL! 

JBC ACC, 2 , LABELS 

will cause program execution to continue at the instruction 
identified by the label LABEL2, with the Accumulator modified to 
52 H ( 010100101), 

Operation : (PC) e- (PC) + 3 

IF (bit) = l 
THEN 

(bit) 0 

(PC) «- (PC) + rel 

CJNE <de $t-by te> ,<scr-byte>, rel Bytes : 3 Cycles : 2 

Function ; Compare and Jump if Mot Equal 

Description : CJNE compares the magnitudes of the first two operands, and 

branches if their values are not equal. The branch destination is 
computed by adding the signed relative-displacement in the last 
instruction byte to the PC, after incrementing the PC to the start of 
the next instruction.- The carry Oag is set if the unsigned integer 
value of <de$t-byte > is less than the unsigned integer value of 
<sic-byte>; otherwise, the carry is cleared- Neither operand is 
affected. 


Example : 


The accumulator contains 45H- Register 7 contains 56H. The first 
instruction in the sequence. 
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QNE R7, £ 60H, NOT.EQ 


; R7 = 60H 


NOT_EQ: JC REQJJOW ; IF R7 < 60H 

; .... .... ; K7 > $0H. 

Sets the carr)' flag and brandies to the instruction at label 
NOT_EQ. By testing the carry Rag, this instruction determines 
whether R7 is greater Or less than 60H. 

If the data being presented to Port 1 is abo 45H, then the 
instruction- 

WAIT : CJNE A, Pi, WAIT 

clears the carry flag and continues with the next instruction an 
sequencer since the Accumulator does equal the data read from 
PI. (If some other value was being input on FI, the program will 
loop at this point until the PI data changes to 45H.) 

CJNE A r direct, ref 


Operation : 

(PC) <- (PC) + 3 


IF(A> <> (direct) 

THIN 

(PC) <— (PC) +- relative offset 
IF (A) < (direct) 

THEN 


(Q e- 1 


ELSE 


(Q ^0 

CJNE A, #data, rol 


Operation : 

(PC) <- (PC) + 3 

IF(A) < > data 

THEN 

(PC) (PC) + relative offset 

IF (A) c date 

THEN 
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ELSE 


CCX-0 

CJNE Rn, #d3ta, rel 


Operation : 

(FCJ t- (PC) + 3 

IP (Rn) < > data 

THEN 

(PC) 4- (PC) + relative offset 

IF (Rn.) < data 

THEN 

(C) *- 1 

ELSE 

(C) «- 0 

CJNE @Rl, #data, re 

1 

Operation : 

(PC) t- (PQ 4 3 

IF ((Ri)) c> date 

THEN 

(PQ f— (PC) 4 relative offset 

IF (Ri) < data 

THIN 

(Q «-l 

RISE 

(Q *- 0 

DJNZ <byt®>, <rel-addr> Bytes : 2/3 Cycles t2 

Function : Decrement and Jump If Not Zero 

Description : 

E>jN2 decrements due location indicated by 1, and branches to due 
address indicated by the second operand 1/ Hit resulting value Is 
not zero. An original value of 00H will underflow to OFFH. No 
flags are affected- "The branch destination would be computed by 
adding the signed relative-displacement value te the last trwtsuctiKHU 
byte to the PC, after incrementing the PC to the first byte of the 
following instruction, 


Vy 
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Example : 


Operation : 


DJNZ direct, ret 
Operation i 


The location decremented may be a register Or directly addressed 
byte. 

Note ; When (his instruction is used to modify an output port the 
value used as the original port data will be read, from the output 
data latch, not the input pins. 

Internal RAM locations 40H, 50 H, and 6QH contain the values OlH, 
70 H, and 15H, respectively. The instruction sequence. 

DJNZ 40H, LABELJL 
DJNZ 50.H, LABELS 
DJNZ 60H, LABEL_3 

will cause a jump to the instruction at label LABEL_2 with the 
values OQH, 6FH and 15H in the three RAM location. The first 
jump was not taken because the result was zero. 

The instruction provides a simple way oi executing a program 
loop a given number of times, or for adding a moderate time 
delay {from 2 to 512 machine eyries) with a single instruction. The 
instruction sequence. 



MOV 

R2#8 

TOGGLE : 

CPL 

P1.6 


DJNZ 

R2,TOGGLE 


will toggle Pi.6 eight times, causing four output pulses to appear 
at bit 6 of output Port 1. Each pulse will last three machine cycles; 
two for DJNZ and one to alter the pin. 

DJNZ Rn, ml 

(PC) ^ (PC) +■ 2 

(Kn) (Rn) - 1 
IF (Kn) > 0 or (Rm) < 0 
THEN 

(PC) e- (PC) + ml 


(PC) (PC) + 2 

(direct) n— (direct) - 1 
IP (direct) > 0 or (Rn) < 0 
THEN 

(PC )f-(Pq+ ml 

Copyrighted material 
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5.5,3 CALL and Subroutines 

There are two subroutine-call instructions. LCALL (Long Cali) and ACALL (Absolute 
Call).. Each increments the PC to the first byte of the following instruction, then pushes it 
onto the stack (low byte first). Saving both bytes increment die stack painter by two. The 
subroutine's starting address is encoded in the same ways as LJMF and AJMJP, The generic 
form of the call operation is the mnemonic CALL which 8051 will translate Into LCALL or 
ACALL as appropriate. 

The return Instruction RET pops the high and low-order bytes of the program counter 
successively from the stack* decrementing the stack pointer by two. Program execution 
Continues at the address previously pushed : the first byte of the instruction immediately 
following the call, 

CALL and Return Instructions 


ACALL addrl 1 Function : Absolute Call Bytes : 2 Cycles : 2 


Description : 


Example : 


Operation : 


ACALL. unconditionally calls a subroutine located at the indicated 
address. The instruction increments the PC twice to obtain the 
address of the following instruction, then pushes the 16-bit result 
onto tine stack (Low-order byte first) and increments the Stack 
Pointer twit®, The destination address is obtained by successively 
concatenating the five high-order bits of the incremented PC* 
opcode bits 7-5, and the second byte of the instruction. The 
subroutine called must therefore start within the same 2K block, ol 
the program memory as the first byte of the instruction following 
ACALL, No flags are affected,. 

Initially SF equals 08H. The label "SUBRTtST is at program 
memory location 0345 H. After executing the instruction* 

ACALL SUBRTN 

at location 0125H, SP wiU contain OAH* internal RAM locations 
0$H and OAH will contain 27H and 01 FT, respectively* and the PC 
will contain 034SH, 

ACALL 

(PC) <- (PC) +■ 2 
(SP) *- (SP) + 1 
(SP» I- (PC 7J0 ) 

(5F) +“ (SP) + 1 

((SP)) <- C«W 

(PC 1M ) <— Page addrss 

Copyrighted mate 
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LCALL addrIG 

Function : Long call 

Bytes i 3 

Cycles ; 2 


Description : 

LCALL calls a subroutine located at the indicated address. The 
instruction adds three to the program counter to generate tine 
address of the next instruction and then pushes the 16-bit result 
onto the stack ( low byte first), mcremciiting the Stack Pointer by 
two. The high-order and Sow-order bytes of the PC are then 
loaded, respectively, with the second and third bytes of the LCALL 
instruction, Program execution continues with the instruction at 
this address, The subroutine may therefore begin anywhere in the 
full 64 kbyte program memory' address space- No flags are 
affected. 

Example : 

Initially the Stack Pointer equals 07H. The label "SUBRTN" is 
assigned to program memory location 1234B- After execrating the 
instruction, 

LCALL SUBKTN 

at location 0123, the Stack Pointer will contain 09JHL internal RAM 
locations OSH and 09H will contain 26IT gnd 01H, and the PC wjll 
contain 1234H. 

Operation : 

LCALL 


(PC) 4^ (PC) 4 3 

(SP) v- (SP) + 1 
ttSPB «- (FC 7j0 ) 

(SP} <- (SP) +1 
((SP) o- (PC, 5.0) 

(PC) -t— addr| M 

RET Function 

: Return from subroutine Bytes : 1 Cycles : 2 

Description : 

RET pops the high-and low-order bytes of Hie PC successively 
from the stack, decrementing the Stack Pointer by two Program 
execution continues at this resulting address, gemsrallv the 
instruction immediately following an ACALL or LCALL. No Oags 
are affected.. 

Example : 

The slack Pointer originally contains the value OBH. Internal RAM 
locations 0AH and OBH contain the values 23H and Q1H, 
respectively. The instruction, 

RET 
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wMl leave the Stack Pointer e-qual to the valve Q9H. Program 
execution will continue at location Q123H. 

Operation : RRT 

(rc i M) 4- ((SPB 
CSP) <— (SPJ - 1 

^ (m) 

CSP> -e— (SP)^1 


RETI Function : Return from interrupt Bytes ; 1 Cycles ; 2 


Description : 


Example : 


Operation r 


RETI pops the high- and low-order bytes of the PC successively 
from the stack, and restores the interrupt logic to accept additional 
interrupts at the same priority level as the one just processed,. Use 
Stack Pointer is left decremented by two. No other registers are 
affected; the P5W is not automatically restored to its per-interrupt 
status. Program execution continues at the resulting address, which 
is generally the instrudion immediately after the point at which the 
interrupt request was detected. If a lower - or same-level interrupt 
had been pending interrupt is processed. 

The stack Pointer originally contains the value OBH, An interrupt 
was detected during the instruction ending at location 0122H. 
Internal RAM locations QAH and OBH contain the values 23H and 
OlH, respectively. The instruction, 

REIT 

will leave the Stack Pointer equal to Q9H and return program 
execution to location 0123H. 

RETI 

<- «$P)) 

CSP) +- (SP) - 1 

(PC 7 .o) «- ((SR) 

(SP) «- (SP)-l 
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HQF 

Function: No Operation 

Bytes: 1 

Cycles: 1 


Description : 


Example : 


Operation i 


Execution continues at the following instruction. Other than the PC, 
no registers or flags are affected. 

U is desired to produce a tow-going output pulse on tit 7 of Port 2 
lasting exactly 5 cycles. A simple 5FTB/CLR sequence would 
generate a one-cycle pulse, so four additional cycles must be 
inserted- This may be done (assuming no interrupts are enabled) 
with the instruction sequence, 

CLR F2.7 

NOP 

NOP 

MOP 

NOP 

SETS F2.7 
(PC) (PC) 4 1 


B.6 Programming Examples 

Program 1 ; Program to load accumulator A, DPH and DFL with 30H 

MOV A, #3OH t Loads .3OH in A register 

MOV DPH., A ; (DPH ) <- { A ) 

MOV DPL,A t EDPL? t- (Aj 

Program 2 : Copy byte in SCON to register R3, 


Method 1 ; Using direct address for SCON [98 H) 

MOV R3, 96H ; Copy 3COM to R3 

Method 2 : Using direct address for SCON [98 H) and R2 (G2H). 


MOV D3H, S3H 

Method 3 : Using indirect address for R3. 

MOV Rl, fl 33H 
MOV | Rl, 90 H 

Method 4 * Using PUSH instruction, 

MOV B1H, # 02H 

POSH 9SK 


i Copy SCON to R3 

j Initialize painter to R3 
f Copy SCON to R3 


; Set the SP to address 02H in 
RAM 

; Push SCON fSae) to address 
(93H) 


iovnahi 


m i 


>rii 
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Program 3 
Method 1 : 

Method 2 : 

Program 4 

Program 5 


Program 6 

Program 7 


Program 8 


: Put the number 90H in R2 and R3- 


Use immediate addressing mode - 
MOV R2 f *?{1H 
MOV K5 r I90K 


Use immediate and register addressing - 

MOV R2, ISflH 
MOV R3 f R2 


* Add two ® bit numbers. 

MOV A, I30H ; (A)t- 30 

ADD A, I5QH ; (A) t— [A} t &DK 


: Add two 16 bit numbers. 


MOV DPTEx1204 OH 
MOV A,#2BH 

MOV B#I20H 

ADO A, DPL 
MOV DPLj A 
MOV A, B 

ADPC A ,OPH 

MOV DPE , A 


f (DPTRJ <- 2d4OH (16-bit number) 
f (a) <— 2BH (lower byte o£ aeeondi 
; 1,6-bit number} 

i (B)«— 20b [Higher byte of second 
; 16-bit number) 

; Add lower bytes 

f Save result of lower byte addition 
f Get higher byte of second number 
; in A 

; Add higher bytes with any carry 
; from lower byte addition 
; Save result of higher byte addition 


: Find the 2"s complement of a number in Rib 

MOV A,R0 ; (A) i- (R0} 

CPL A ; 1 s complement A 

ADO Ax 101 ; Add 1 to it to get 2s complement 


Unpacked the packed BCD number stored in the accumulator and save 

the result in RQ and R1 such that (RQ)*— L5B and (Rl) e-M5B. 


MOV Ex A 
AML A f #0FH 
MOV R0,A 
MOV AxB 
AML A P #0FQb 
SWAP A 


; Save the packed BCD number 
; Mask upper nibble of BCD number 
; Save the lower digit 
; Get the packed BCD number 
; Mask lower nibble of BCD number 
} Exchange the lower and upper 
i nibbles 


MOV Rl, A 


Save the upper digit* 


: Subtract two ikbit numbers and exchange digits 


MOV A P #9F 
MOV RQ,#40 
CLR C 
SUBB A r RQ 
SWAP A 


f Get the first number in A 
; Get the second number in RQ 
i Clear carry 
; A <- AMRO) 

; Exchange digits 




righted material 
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Program S : 

MOV FSVM10 
MOV A t RG 
MOV PSW,|0D 
CLPl C 
SCJBB A,Hi 


Select Banks 

tAj <— {BOO from, B-ank2 

Sslect Bank D 

Clear carry 

A A-(Rl) from Bankfl 


Subtract the contents of RI of BankO from the contents of R0 of Bank!. 

i* 


Program 10 : 


Division two 8-bit numbers* 


MOV ft,#9G 
MOV B, #2-0 
EHV AS 


; Get the first number in A 
t Get the second number in B 
; A + B # Remainder in B and Quotient 
¥ in A 


Program 11 : 


Multiply two 8-bit numbers. 


mov Ar#er 

MOV B,f?9 
MUL AS 


t Get the first number in A 
I Get the second number in B 
$ A x B, Higher byte of result in 
i and lower byte o£ result in A 


B 


Program 12 : 


BACH: 


Generate BCD up counter and send each count to port A- 


MOV A, 100 
MOV PI,ft 
ADD A,#01 
PA A 

AJMP BACK 


t Initialize counter 
; Send count to port ft 
t Increment, counter 
t Decimal adjust the counter 
f Jump BACK 


Program 13 : Find the maximum number from a given 8-bit ten numbers. 


Flowchart : {See on next page) 

Program : 

MOV DPTR,f2DDD 

MOV B0,*PA 
MOV R3,fQ0 

AGAIN; MQVX A,flDPTP 

CJNfc A,E3 tNE 
AJMP SKIP 
N£: JC SKIP 

MOV R3, A 
SKIP: INC DPTR 

DJNZ AO*AGAIN 


Initialise pointer to memory where 
numbera are stored 
Initialise countex 
Maximum = 0 

Get the number from memory 
Compare number with maximum number 
If equal go to SKIP 
If not equal check for carry, 
if carry go to SKIP 
Otherwise maximum * number 
Increment memory pointer 
Decrement count, if count ■ 0 atop 
otherwise go to AGAIN 


'riqhl 


trial 
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l. iHiEiliiu pjinLtr 

to memory 


Initialize counter 


Massimum number = 0 


Get Ihe number 


r Number > ” 
Mai. number 7 


Mas number 


Incn&memt memory peintaf 


'Decree Hint counter 



Program 14 : Program to convert 8-bit binary number to its equivalent BCD. 

Program Logic : 

Step 1 : Divide number with 100 decimal and save quotient Le. save hundred's digit 
Step 2 ; Make remainder as a new number 
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Step 3 : Divide number with 10 decimal and save quotient Le. save tens digit, 
Step 4 : Save remainder as cites digit. 

Samplo Example ; 

Quotient: Remainder 
76 H + 100 * 1 12 H 

12 H + 10 = 1 a 

76 H = (11B) 1P 

Flowchart : 



Program : 

MOV A,#7GH 
MOV B,t1DD 
DIV AB 
MOV ftO,A 

MOV A f B 
MOV B, flO 
DIV AB 


Load the binary number lit A 
Lead B with 100 decimal 

■f 

Divide number with 100 

Save the hundreds of the number 

(Quotient of the previous division) 

Get the remainder 

Load B with 10 decimal 

Divide number with 10 


MOV Rlj A 
WQV R3 , B 


; Save the tens of the number 
; Save the ones of the number 
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Program : 

MOV fumos 

AGAIM: 

MOV DFTR r #200061 
MOV F1 h #0S 

BACK: 

MOV R2 t DPL 

MOVX A,@DPTR 

MOV B,A 

INC DPTR 

MOVX A,@DPTR 
CJWE k ,& t ME 


AJMP SKIP 

Mi: 

JMC SKIP 

MOV DPL H R2 

MOVX @DPTR,A 

INC DPTR 

MOV A,B 

MOVX $PPTR P A 

SKIP: 

DJNZ Rl r BACK 
DJMZ RO t AGAIN 


Initialize counterl 

Initial! ze memo r y poi nter 

Initialize counter2 

Save lower byte of memory address 

Get the namber 

Save the number 

increment memory pointer 

Get the next number 

If not equal check for greater or 

less 

Otherwise go to skip 
If 

I Exchange 
the contents 
of two 
memory 
locations J 

If R1 not equal to 0 go to HACK 
if R0 not equal to 0 go to AGA3M 


Program 18 : Find the number of negative and positive numbers in a given array- 


Flowchart : {See m next page} 

Program : 

MOV ftOji 100 

MOV R1 f R0 

MOV R2,#QAH 
MOV DPTR, #200061 
BACK: MOVX A r 0DPTR 

AML A, #8061 
JZ SKIP 
INC RO 

AJMP LAST 
SKIP: ISC ftl 

LAST- DJMS R2,BACK 


Initialize counter - Q for 
negative numbers 
Initialize counter “ 0 for 
positive numbers 
Initialize counter “ 10 
Initialize memory pointer 
Get the number 
Mask 1owe X 7 bits 
If Z - 0 goto SKIP 

Otherwise increment negative number 
count 

Go to LAST 

increment positive number count 
Decrement R2 if not Zero goto BACK 


UDPV 


riqhted material 
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Program 17 ; Count number el in a number. 

Flowchart : 



Program : 

MOV 

R2, 

#0 

I 

Initialize one's counter - 0 


MOV 

ftl, 

408 

f 

Initialize iteration count 


MOV 

RO, 

#56 

pr 

Load number 


MOV 

h , 

R 0 

f 

Get the nuiaber in accumulator 

SACK i 

KRC 

A 


1 

Rotate A and C¥ *- Lsa 


JMC 

SKIP 

1 

If carry is not zero go to skip 


INC 

RZ 


V 

Otherwise increment one r 3 counter 

SKIP : 

EKJNg 

. R1 

, BACK 

J 

decrement iteration count and if not 






zero repeat 


pyrighted material 
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Program 10 : Count number of zero's in a number. 

Flowchart: 



Program : 



MOV R2 f 

*Q 


MOV Rl, 

*00 


MOV RO, 

#$€ 


MOV h f 

m 

SACK ; 

me h 

JO SKIP 
IRC R2 


SKIP : 

DOME Rl 

r BACK 


f Initialize zero's counter = 0 
; Initialize Iteration) count 
; Load number 

; Get the number in accumulator 
t Rotate A and CY LSI 
? If carry is zero go to skip 
7 Otherwise Increment zero's counter 
7 decrement Iteration count and if not 
i tero repeat 


TlClm 


trial 
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Program tS : Count number of one's and aero's in a number - 

Flowchart : 



Program ; 



MOV 

R2 f 

*0 

x 

Initialise one'8 counter ™ 0 


MOV 

R3, 

*0 

/ 

Initialise zero's counter = 0 


MOV 

Rif 

JOB 

J 

Initialize iteration count 


MOV 

KO, 

156 

f 

Load number 


MOV 

A, 

m 

i 

Get the number in a ecu™ la tor 

BACK i 

RRC 

A 


X 

Rotate A and CY LSB 


JC SKIP 


# 

If carry is zero go to skip 


INC 

R3 


X 

•Otherwise increment zero's counter 


AJMF 

LAST 

X 

Go to last 

SKIP ; 

INC 

R2 


1 

Increment OnC* S counter 

LAST : 

DJNZ 

R.I 

, BACK 

jr 

Decrement iteration, count and if not 





i 

zero repeat 


py righted material 
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Program 20 : To generate a square wave cm the port 1- 



MOV SP, #7H 

; Initialize stack pointer since 
? using subroutine program 

we are 

BACK : 

MOV PI , tOOH 

t Send OOH on port 3 to generate 

low 



; level of square wave 



ACALL DELAY 

; Wait for sometime 



MOV PI, tOPFH 

i Send ETH on port 1 to generate 
; level of square wave 

high 


ACALL DELAY 

i Wait for some time 



5JMP BACK 

i Repeat the sequence 


DELAY : 

MOV Rl, f 0E"FH 

r ‘ Load count 


AGAIN : 

DJNZ Rl, AGAIN 

; Deerewant count and repeat the 
; until Count is zero 

process 


RET 

; Return to main program 


Program 

21 : To generate a square wave on the port pin FLO, 



MOV SF, nn 

; Initialize stack pointer since 
; using subroutine program 

we are 


CLR PI.0 

} Send 0 an port 1,0 to generate 
; level of square wave 

low 


ACALL DELAY 

t Wait for sometime 



SETB PI T 0 

; Send 1 on port 1.0 to generate 
; level of square wave 

high 


ACALL DELAY 

; Wait for Sometime 



5JMF BACK 

; Repeat the sequence 


DELAY : 

MOV Rl, tDFFH 

i Load count 


AGAIN : 

C'JNS Rl, AGAIN 

? Decrement count and repeat the 
, until Count is zero 

process 


RET 

; Return to main program 



Program 22 : To find the sum of 10 numbers stored in the array. 


Statement ; Calculate the sum of series of numbers, The Length of the series is to 
memory location 2200H and the series itself begins from memory location 2201H. 

a. Assume the sum to be $ bit number so you tan ignore carries- Store the sum at 
memory location 2300H- 

b- Assume the sum to be 16 bit number, Store the Sum. at memory' locations 230OH 
and 234)IH, 


a. Sample 


problem 

2200H 

. 

C4H 

22S1H 

- 

2011 

2202H 

• 

15H 

2203H 

= 

13H 

2204H 

■ 

22H 

Result 

= 

20 + 15 + 13 + 22 

230DH 

=• 

6AH 


6A.H 




wriohtec 


trial 
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Flowchart; 



Program : 

a. ) MOV DPTRj #220OH i Initialize memory pointer 

MOVK A, iDPTH f Get the count 

MOV RQ, #10 ; Initialise the iteration counter 

2NC DPTR ; Initialize pointer to array of numbers 

MOV Rl, #00 ;■ Result - 0 

back : MOVX A. r f DPTR f Get the number 

ADD A, Rl ; A Result 4 A 

MOV Rlj A ; Result <- A 

IfilC DPIR ; Increment the array pointer 

DJN3 ROf BACK ; Decrement iteration count if not zero 

; repeat 

MOV DPIR, I23QQH ; Initialise memory pointer 
MOV A H Fl ; Get the result 

MOVK @DFTRj A ; Store the result 

b. Sample problem 

22<K>K - D4ti 2201H = PAH 

22 02H = S2H 22Q3H - BOH 2204R = 3EH 

Result - 9AH 4 S2H 4 &3H + 3EB = 1B3R 
2300 h = B3H Lower byte 2 33 1H - 01H Higher byte 
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Flowchart : 



Program : 


to} 

MOV DPTR, f2200H 

£ 

Initialize memory pointer 


MOVX A, 0DPTR 

■r 

Get the count 


MOV H,0 r #10 

t 

Initialise the iteration counter 


inc dptr 

iff 

Initialise pointer to array of numbers 


MOV R2 , #00 

tr 

[Ma«e 


MOV RI t #00 

r 

result = O0HJ 

BACK : 

MOVX k, 0DPTR 

F 

Get the number 


ADD A, Rl 

f 

A 4— Result +■ A 


MOV Ri, A 

1 

Result 4= A 


AD DC R2 f #00 

i? 

If carry exists, add it to WSD 


INC DPTR 

F 

increment the array pointer 


DJMS R0 r HACK 

f 

Decrement iteration count if not zero 



f 

repeat 

Copyrighted 
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MQV PPTR, I2300H ; 

MOV A, K1 

MQVX @DFTR, A t 

INC DPTR j 

MOV hi R2 ; 

MOVX @PPTR, A 


Initialize memory pointer 
Get the lower byte of result 
Store the lo^er byte of result 
Increment memory pointer 
Get the higher byte of result 
Store the higher byte of result 


Prog mm 23 : Data transfer from memory block B1 to memory block B2, 


Statement : Assume two blocks are non-overlapped.. 


Flowchart: 



Program : 

MOV RQ , 110 
MOV Al t I2QH 
MOV A2 r #30H 
BACK : MOV A, &R1 

MOV §R2j h 
me Al 
INC R2 

DJNZ ROj BACA 


; Initialize iteration counter 
; Initialize soarce memory pointer 
j initialise destination memory pointer 
; Get data 
; Store data 

; Increment source memory pointer 
; Increment destination memory pointer 
; Oeerement iteration! count and if not 
i zero repeat 

GoDvriohti 
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Program 24 : Data transfer from memory block BI to memory block B2 
Statement : Assume two blocks are overlapped!. 

Flowchart: 



Program : 

MOV RQ, #10 
MOV Rl, #2&H 
MOV R2, #32U 
BACK : MOV ft, @R1 
MOV §R2, ft 
DEC Rl 
DEC R2 

DOME BO, BACK 


t Initialise iteration counter 
i Initialise source memory pointer 
; Initialize destination memory pointer 
; Get data 
; Store data 

i Decrement source memory pointer 
; Decrement destination memory pointer 
; Decrement iteration count ind if not 
f zero repeat 


Program 25 : To search a byte In a given numbers. 


ferial 


Statement : Search the given byte in the list of 50 number* stored in, the consecutive 
memory locations 2200H and 2201H. Assume that byte is 76H. If byte is not found store 00 
at 2200 and 2201K 
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Programming of 3051 

Flowchart : 



Program : 

MOV Rl, #00 ; | Load Rl and RZ with 0(3 SO that if 

MOV RZ, #00 ; byte is not found we can load these 

; contents at 22Q0M and 2201H locations] 

MOV R0, ISO ; initialise itafatj.cn counter 

MOV &PTR, #2000f! ; Initialize memory pointer 

BACK : MQVX A, fDPTft ? Get the number 

CJME A, n6H,SKIP f Search byte 163 if not equal go to SKIP 

MOV Rl, DPL } [otherwise store 

MOV R2 t DFK ; the address of the byte] 

SJM.F LAST 
SKIP : IMC DPTR 

DJUS RQ, BACK ; Decrement iteration count and if not 

i zero repeat 

LAST : MOV DPTR, #2200H ; Initialise memory pointer 

MOV A, Rl ; Get the lower byte of address 

MOVX HDPTH* A ; Store the lower byte of address 

ISC DFTR ; increment memory pointer 

MOV A r R2 i Get the higher byte of address 

MOVX iDFTR, A ; Store the higher byte o£ address 

Copyrighted material 
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Program ,25 : Multiply two 8-bit number using repetitive addition, 

Statement : Multiply two 8-bit numbers stored in memory locations 22DQH and 2201H. 
Store the result in memory locations 230QH and 2301H. 

Sample problem 


[220 OH) 

= 

B2H 

(220 IK) 

Vfl 

Q3H 

Result 

m 

B2H + B2H + B2H 

21&H 

{2300H} 

» 

16K 

{ 2 3 0 1 H ) 

= 

02H 


Flowchart : 


( sm ) 




|G#UJwM fiumtwl 



IniLiahic sacood 
nunr.& 5 -r as a murrer 

j 




Program : 

MOV DFTR, #22Q0H 
MOVX h, 9DPTR 
MOV RQ, A 
INC DPTR 
M.OVX h t @DPTR 
MOV Ml, A 
MOV R2 r #00 
MOV R3 f #00 
BACK : MOV A, R2 

ACD A, RC 


(Get the first 
mimbe r1 

Store the number 
[Get the second 
number1 

Store it as a counter 
[Make 

result = 01 

Get result [lower byte) 
Result = Result + number 


pyrighted material 
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MOV R2, A ; 

ADDC R3 f 100 
DJNg R1 f BACK 
MOV A, R2 ; 

MOV DPTR, #230013 j 
MOVX dDPTR, A ; 

MOV K t R3 ; 

INC DPTFi f 

MOVX @DFTR r A ; 


Stoee result {lower byte) 

If carry aKists, add 1 to higher byte 
Decrement Counter, if nat zero repeat 
Get the lower byte of result 
[Store the 

Lower byte of result] 

Get the higher byte of result 
[Store the 

higher byte of result] 


Program 27 : Binary to Cray Conversion 


Statement ; Write a program to convert a given 8-bit binary number into its Gray code 
equivalent 

Let us see the Binary - Gray 'Conversion process. 

* Get the binary number. 

* MSB of result *— MSB of the binary number. 

* XOR bite from left to right with their adjacent bite. 

Example : 

—©"—I —©—'O'—©—1 “©—1 —©—"{!<—©— 1 ■ Binary number 
0 1 0 1 1 ■ i 1 1 1 0 T 1 1 1 -— Gray number 


Program Logic : 


* To XOR each bit with its. adjacent bit we right shift the contents of original 
n um ber and then XOR the result with the original number. 


Example : 


Flowchart: 


Ci O' 1 5 1 1 i0 1 ■—— Binary number 
C 0 0 1 0 1 1 € flight shifted binary number 

00111011 -w-Gray number 



Get the number 


_ ; 

Shit numb! 
with M 

: _ 

sr light by 1 
SB = 0 



Logically > 
shifted nu 
original 

{QRed the 
mberwitb 
number 




pyrigh 

I J CJ 
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Program ; 








MOV 

A* 

# 52 H 

i 

Load binary 

number 



MOV 

R 0 , 

A 

r 

Save binary 

number 



CLR 

C 


.jr 

dear carry 

f I ag s o- 

that 

after shifting 




I 

the contents 

we will 

get 

MSB - 0 

KRC 

A 


? 

Right shift 




XRL 

A, 

RQ 

.p 

XQR shifted 

contents 

with 

the original 




■F 

number 





Program 28 : To find the average of given N numbers 


Program logic : 

* Calculate the mm of N numbere. 

* Divide sum by the N. 

Flowchart: 



oyrighted material 
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Program : 



MOV RO , #DD ; 

[ Ma ke 


MOV Rl, #00 

result - 0] 


mov rz, no 

Initialise count 


MOV R3, *2 OK ; 

Initialize memory pointer 

BACK : 

MOV A, £R3 ; 

Get the number 


ADD A, RO 

Add lower byte 


MOV R0 r A ; 

Save result 


ADDC Rl, IDG ; 

If carry exists add Carry to higher 


X 

byte 


INC R3 ; 

Increment memory pointer 


DJNZ R2, BACK ; 

Decrement counter and if not zero 


P 

repeat 


MOV R2, #00 

Make quotient = O' 

AGAIN : 

CLR C ; 

Clear carry to perform, subtraction 


r 

without borrow 


MOV A, R0 ; 

Get the lower byte 


SURE A, # 10H ; 

Sub 1QH from it 


MOV R0, k } 

Store result 


SUBB Rl, #0DH ; 

If borrow exist subtract 1 from MSD 


INC R2 ; 

Increment- quotient 


CJNE Rl, #00, AGAIN 

; If MSB net equal zero repeat 


MOV A, RD 

; [Otherwise check LSD 


CLR C 

; whether it is 


SUBB A, tlDH 

; less than 1QH] 


JNC AGAIN 

t If not repeat 

Note : Quotient in R2 and Remainder in R0. 

Program 29 : To add two 16~bit BCD numbers. 

Flowchart 

: See on next page. 


Program : 




MOV DPTR, I1234H 

/ load first number 


MOV R0, #2 OH 

; Load lower byte of second number 


MOV Rl, #3OH 

; Load higher byte of second number 


MOV A, R0 

; Get the lower byte of second number 


ADD A, DPI 

; Add two lower bytes 


DA A 

i Adjust result to valid BCD 


MOV DPL, A 

; Store the sum of lower bytes 


rUv 
■ r J 


riahl 


>rial 
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I 


MOV A,. Rl 
ADDC A, DPI! 
DA A 

M0V OPK, A 


; Gat the higher byte of second 
I number 

f Add two higher bytes considering 
? carry of lower byte addition 
; Adjust result to valid BCD 
i Store the sum of higher bytes 



Program 30 : To find factorial of a number , 


N1 = N x (N — 1) * (N - 2} x (N - 3) x ,* + k 2 x 1 

For example: 

61 — 6k5x4x3x2j(1 
= 720 


spy righted m aterial 
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Flowchart; 



Program : 

MOV A r #Ql ; Store 01 in ft register 

MOV B, ft t Store 01 in E register 

CAL : MIL AB } Multiply two numbers 

INC 0 ; Increment number 

CJNE B« I O'? H* CAL ; Check whether number is 7 , If number is 

? 7 we have to stop 


Note : 


* This program can calculate factorial of numbers from 0 through 6, 

* Result of factorial is available in A (LSB) and B (MSB) registers. 

Program 31 ; To find Fibonacci series of N given terms 

The Fibonacci series is given as 0 1 1 2 3 5 8 13 21 

Hence we can write : 

First term - 0 

Second term = 1 

Third term h First term + second term ■ 0 + 1 ■ 1 

Fourth tom - Second term + third term =1 + 1 = 2 

Fifth term * Third term + fourth term ■ 1 + 2 = 3 

and so an. In general we can write 

N 1 * 1 term. - N - 2 term + N - 1 term 

Copyrighted material 
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Flowchart: 



Program : 

MOV RD, #10 
MOV HI, I20H 
MOV Bftl, 10 
INC Rl 
MOV SRI, |1 
MOV A,HR1 
DEC Rl 
ADD A,@R1 

Copyrighted material 


initialize term count 

Initialize array pointer 

Store l 551 " term, as 0 

Increment memory pointer 

store 2 nd term as 1 

Get the current term 

Pointer to previous term 

Add current term and previous term 


BACK r 
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INC HI ; {Point to 

INC R1 ; next term] 

MOV ®Rl r A ; Store next term 

CJNE ®Rl, 10,RACK ; Check whether last terra calculated if 

; not repeat the process 

Program 32 : Write an assembly langauge program to move 5 bytes of data stored at 
location 0000H onwards to the location CCfOQH onwards and vice-versa 


Program : 

MOV R0, #05 
MOV PPL f #00K 
MOV OPH, f@0H 

BACK: MQVX A „ $ PPTR 

MOV Rl, A 
HOV OPH, I COM 

WOVX A,0PPTR 
MOV R2 ,, A 
MOV A r Rl 
MQVX $DPTR f A 
MOV PPHh tSQH 


initialise count = 5 
Initialize memory pointer 
Adjust the memory pointer to 
address the first memory 
Get data 1 

Save data 1 temporarily 
Adjust the memory pointer to 
address the second memory 
Get data 2 

Save data 2 temporarily 
Get data 1 
Save data 1 

Adjust memory pointer to 
address the first memory 
Get data 2 
Save data 2 

increment memory pointer 
If count *Q f repeat 


MOV h f m 
MOVX IDPtR,A 
INC PPTR 
DJNS REPACK 


Program 33 : An array Of 10 numbers is stored at location 4CWH onwards. Write an 
assembly langauge program to sort the numbers and store even ntimbers from location 
5000H onwards and odd numbers from location (HXKIH onwards- 


Program : 


BACK: 


MOV R0, # 0A 

X 

Initialize 

counter 

MOV Rl, #00H 

MOV R2, f40H 

X 

Initialize 

memory pointer 

MOV R3, #00H 

MOV M t tSOH 

S' 

x 

Initialise 

oven memory pointer 

MOV R.5, #00fl 

MOV R6, #60H 

» 

X 

initialize 

odd memory pointer 

MOV DPI, R1 

MOV 0PH, R2 

} 

Load memory address 

MOVX A, ®DPTR 

i 

Get data 


JB ACC.0 f NEXT 

* 

X 

Check L5B 

of accumulator 


jr 

if l goto 

NEXT (odd} 

MOV OPL, R3 

MOV t)PH, R4 

P 

Load even 

memory address 

MOVX ®DPTR f A 

+ 

jr 

Store even 

data 

IMC R3 

SJW NEXT! 

r 

Increment 

even memory pointer 
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NEXT: MOV DEL, Rb 

MOV Di'H r RS 
MOVX l? [}?/• R, A 
INC E5 
NEXT: INC HI 

DJNi RQ, BACK 


Load odd memory address 
.*! t o re odd data 

Increment odd memory pointer 
I nc rejriG n t memo t y pd i n L C r 
If count -S 11. repeat 


Program 34 ■ Write an assembly langa-uge program to realise following logic circuit using 
Boolean instructions of S051- 



Program ; Lei ns assume that input a is connected to P'1.0, input b is connected by Pl.l 
and output Y is connected at P2.0, 



MOV Fl r ♦CfEJl 

/ 

Configure parti as input 


MOV A, FI 

X 

Read po rt 1 


JE FI,a NEXT 

/ 

If 

Pl.O is set go to NEXT 


JB PL.L, NEXT1 

i 

If 

F1.1 is set goto NEXTl 


CLR P2.0 

X 

If 

Fi .0=F1,1=0 make P2.0=0 


SJMP LAST 




NEXT1t 

SETB P2.Q 

i 

If 

Pl.O - 0, PI.1-1 mate P2.0-1 


5JMP LAST 




NEXT; 

JE FI.I, HEXT2 





SETB P2.0 

r 

If 

Pl.O^l, PI. 1-0 make PZ.D^l 


5JMP LAST 




NEXT2i 

CLR P2.0 

X 

If 

pi. a = i, pl. i = i 




make ¥2. 0 - 0 

LAST: 

RET 





Review Questions 

1 . Explain the addressing modes of 8051 with On help of examples, 

2. identify the addressing mode used by eiadr of the fallowing instruction. 

a. MOV A, M 

b. MOV A t ft 30H 

c. ADO A r 40H 

d. SWAP A 

f- MQVC A,Q A + DFTR 

3. Explain fhe instructions used to access external RAM. 

4 Explain ike instruction used to access external program memory, 

5- Explain PUSH arid POP instructions in 8031. 

Explain fhg exchange instruction supported by #051- 

7. Explain byte fowl toped instructions of 8051. 

8. Explain bit tend logical instraeHores of 81051. 

9. Explain rotate mstntakm of 8051. 

Gaovriohted maten 
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10. Espbirf addition md stfWwfwm j'nsfrwcfipns o/ 0052. 

21. Eipkm PA4 instruction of $051. 

J5. What is pump range ? 

13. Explain various types of jump instructions mcwdwg to range. 

14. Explain CALL and RET instructions of 8051. 


□ □□ 
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In the chapter 7 t we have seen that 8051 has two TiisMfcs/QsimlBis. They can be 
configured to operate either as timers or event counters, In this chapter we will study 
different modes of operation of these timers/ counters and their progTamiring- 

9.1 80 S 1 TTm@r» 

9.1.f Timer Registers 

Timer 0 and Tuner 1 Registers 

SQ51 has two timers, timer 0 and timer L Basically both, timer 0 and timer 1 are 16-bit 
registers. Since BQ51 is an 6-bit mierocontrailer, each 16-bit register can be accessed as 
low-byte registerfTL) and high-byte register(TH). Fig 9-1 shows (he Umar 0 and timer 1 
registers- These registers can be accessed like other registers {A, B, RU, R1 etc.) in 8051, 



Timer 0 registers 


TH0 


TLO 







|D16|D14| D13]D12| D1l|D10 DQ 

m 

□7 D6 | D5 1 Di' 

[K 

3 | D2 

D1 | DO | 


Timer 1 registers TH1 


TL1 


Fig* til Timer D aiid Timor 1 register* 

TlmvriCounfter Mod* Control (TMOD) Register 

Timer/counter mode control (TMCD) is the *pedal function register in B0i5l having 
format as shown in Pig, 9,2, 


Vy 


jvncihiec 


»rial 
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(MSB) (LS3) 


f GATE 

C/T 

Ml 

MO 

GATE 

C/T 

HOB 

KB 




Timer 1 Timer 0 


GATE Gatfllg' cartirdl when sel EmeriCgyn|?ji ‘sT in 
«npbl«d or*f wfJ* (Hu Ie hah am} "TR* 1 
wnttri H is set. Wtotn cleared Emer V is 
fcnaWsd UitwfietwEW'ixyilJi'cf Wts aei 

OT Effl*f *f Gfcunlfii StfleclBf cleared Tisr Emar 
epe.aiion (inpUS fr-:m iniemnl lytlfm UcdU Sul 
for Csurw g pardon rmpt^Irwr. ’TV input pin). 


Ml klL'l OppriJtkif Mpdp 

□ 0 a»t^ T.Ter,'CojnlB- 'TMjc" «Hh "TUT* Wit 

presr-sl^r. 

□ 1 16 -SWL EmerJCounlfif THiC wHh “TUT ar® 

cascaded; ' h ere is rsQ pr*SCAl*r. 

1 C a-tafty|£HeliaadTimerJCflurtBfTrtrhokla 

1 ualjw wl'ich » t& ini iSlMtfad did TLj" 
tech lirrto it Dvtrlltwi. 

1 1 SErar 0) HO is in 

control ltd by th*- sterKfcsrt Timer 0 cwrtrd: 
site. THO is ft-n B-toiL hirer srily toi-™iifi(j by 
Erne# 1 eartrai toils. 

1 1 ijEnwl JTifflefi'CsunSsr 1 Hepped. 


Fig. 9.2 TMOD register 


Fig, 9,2 gives the function of all bite in TMOD register, Some more details of these bite 
are given below- 

* Ml* M0 ; These hits select the timer mode. There are four different modes of 
timer, mode 0* mode l* mode 2 and mode 3, All these modes are discussed in the further 
section, 

* C / T : This bit is cleared (C/T = 0) for selecting ’timer" operation and Is set 
(C/T = 1) for selecting 'counter' operation. 

In the 'Timer 11 mode, the; register Is incremented after every machine cycle. Thus, one 
can think of it as counting machine cycles. Since a machine cycle consists of 12 osdttato* 
periods, the count rate is Ha of the oscillator frequency. For ©sample if crystal frequency is 
12 MHz, then the timer dock frequency is 1 MHz, 

In the ’Counter”' mod#, the register is incremented in response to a 1-to -0 transition at 
its corresponding external input pin, T u or T-,. In this mode, the external input is sampled 
during phase 2 of state 5 of every machine cycle. When the samples show a high In one 
cycle and a low in the next cycle, the count is incremented. The new count value appears 
in the register during phase 1 of state 3 of the cycle following the one in which the 
transition was detected. Since it takes 2 machine cycles (24 oscillator periods) to recognize 
a 1-to-Q transition, the maximum count rate is Tj of the oscillator frequency. There are no 
restrictions on the duty cyde of the external input signal, but to ensure that a given level 
is sampled at least once before it changes, it should be held for at least one full machine 
cyde, 

* GATE : The timers can be started and stopped by any one of the two methods, 
software or hardware. Sometimes, software as well as hardware both methods 
are available. 
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* Software : There are timer start hits <Tj hits) in timer registers TRO and TRl, 
The "SETB TRx’ instnidaon sets the TRx bit (TRx =1) which starts the timer, 
x is 0 for timer 0 and is 1 for timer 1. The 'CLR TRx’ instruction clears the TRx 
bit (TRx = 0) which stops the timer. Again, x is 0 for timer (? and is 1 for timer 
I, The timer s can be started and stopped by 'SETB TRx' and 'CLR TRx' 
instructions respectively as Icing as 'GATE* bit in TMOD register is 0. 

* Hardware ; The timers can be started and slopped by an external hardware as 
long as 'GATE' bit m TMOD register is 1- In Figs. 9-5 and 9.6 , th e star t and stop 
operations of the timers are done externally through pins INTO (pin 3.2) 
and INTI (pin 3.3) for timers 0 and 1 respectively. The timer can be started or 
Stopped at any time externally via a simply switch. 

9.1.2 Programming 8051 Timers 

As seen earlier, there are four modes of timer, mode 0, mode 1, mode 2 and mode 3. 

All these modes and their programming are discussed in this section. Mode 1 and mode 2 

are widely used, so we will discusss them in detail. 

9 , 1 . 2.1 Mode & 



In term pi 


Timer/ counter control logic 

Fig. 9,3 Tlrnerfcountef 1 mode 0 : 13-bit counter 


Both Timers in Mode 0 are S-bit Counters with a divide-by-32 prescater. This 13-bit 
timer is MCS-48 compatible. Fig- 9.3 shows the Mode 0 operation as it applies to Timer 1, 
In this mode, the Timer register is configured as a 13-bit register. As the count rolls over 
from all Is to all Os, it sets the Timer interrupt flag TF1, The counted input is enabled to 
the Timer when TRl - 1 and either GATE - Q or INTI = 1. (Setting GATE = 1 allows the 
Timer to be controlled, by external input INTI, to facilitate pulse width measurements.) 
TRl fs a control bit in the Special Function Register ICON (Fig. 9.4) GATE is in TMOD. 


n 
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TFl 

Tfil 

TFO 

TIRO 

IE 1 

m 

1E0 

mo 



Symbol 

Poo Hi on 

Name and Significance 

TFl 

TCON..7 

Timer 1 Overflow Flag. Sat by hardware on Brnor/countor overflow. Cleared when 
interrupt processed. 

TOl 

TCOMJ 

Timer 1 Run control bit. Set/dearad by software to turn timer/counter wVcff. 

TFO 

TCO+JJ 

1 

Timer 0 Overflow Flag. Sat by hardware on Umer/caunter overflow. Seared When 
interrupt processed. 

TOO 

TC0W.4 

Timer 0 Run Control bit SetiWeared by software to turn timer/tounler orVotf. 

IE1 

TCQU.3 

Interrupt 1 Edge Flag. Set by hanEhware when external Interrupt edge detected. 
Cleared when interrupt processed. 

rri 

TCON.Z 

interrupt 1 Type centre! M Selfcteared by software to specify (Wfirtg edg^low 
level triggered external interrupte. 

IE0 

TCON.1 

Interrupt 0 Edge Flag. Set by hardware when external interrupt edge detected. 
Cleared when interrupt processed. 

ITfl 

TCOMO 

interrupt 0 Type osnW bat SeVdoared fey software to specify lining edga^Qw 
level triggered external interrupts. 


Fig, S.4 TCON-trmarfcourrtBr control/status register 

The 13-hit register consists of all S bits of THl and the lower 5 Mis of ILL The upper 
3 bits of TL1 are indeterminate and should he ignored. Setting the run (lag (TRl) does not 
clear the registers. 


Mode 0 operation is the same for Timer 0 as for Timer 1, Substitute TRO, TFQ and 
INTO for the corresponding Timer 1 signals in Fig, 9,3. There are two different GATE bits,, 
one for Timer I (TMOD 7) and one for Timer 0 (TMODS), 


9.1.2 2 Hade 1 

Mode 1 is same as Mode 0, except that the timer register is being run with all 16 bite. 

Mod# 1 Programming 

A time delay can be generated using mode 1 of the timer and following the steps 
given below. 

1, Load TMOD register indicating which timer (timer 13 or timer 1) is used and which 
timer mode h selected, 

2- Load TL and TH registers with count values, 

3, Start the timer. 

4, Monitor fee timer flag (IT) wife the ’JNB TFk, target address’ instruction- When it 
is raised, get out of fee loop. 

5, Stop the tim er. 

6, Clear IF flag with 'CLR TFx‘ instruction, 

7, Go back to step 2 for Loading count value in TH and TL registers a gain 
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9.0.3 Mode 2 

Mode 2 configures the Timer register as an 8-bit Counter (TL1) with automatic reload, 
as shown in Fig. 9.5, Overflow from TLl not only sets ITT, but also reloads TL1 with the 
Contents- of THl, which preset by software- The reload leaves THl unchanged. Mode 2 
operation is the same for Timer/Countcr 0. 


QSC 


*T2 






Interrupt 


THl 
(3 Bits) 

Tlmer/counler conirol logic 

Fig. 9,5 Timed counter 1 mode 2 : 8-btt auto reload 
Mode 2 Programming : 

A, time delay can be generated using mode 2 of the timer and following are the steps 
given below. 

1. Load TMOD register indicating which timer (timer 0 or timer I) is used and which 
timer mode is selected. 

2. Load TH register with count value, 

3 Start the timer- 

4, Monitor the timer flag (TF) with the 'JNB TFx, target address' instruction. When it 
is raised, get out of the loop. 

5- Qear the TF flag, with CLR TTV instruction. 

6. Go back to step 4. There is no need to load TH register again since Mode 2 is auto 
reload. 


L C5f T= 0 


Ti PIN 


TRl- 




9.1.2.4 Mode 3 

Timer 1 in Mode 3 simply holds its count. The effect is the same as setting TRl - D, 
Timer 0 in Mode 3 establishes TLO and THO as two separate counters. The logic for 
Mode 3 on Timer Q is shown in Fig. 9.6. TLO uses the Timer Q control bits : G/T, GATE, 
TRO f INTO, and TFO, THO is locked into a timer mode (counting machine cycles) and takes 
Over the v$& of TRl and TFI from Timer l. Thus, THO now controls the : Timer 1" 
interrupt. 


t: 
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Mode 3 is provided for appliestionh, requiring an extra S-bit timer or counter. With 
Timer 0 in Mode 3, an S051 can look like it has three Timer /Counters, and an 8052 , like it 
has four, When timer 0 is in Mode 3, Timer 1 can be turned on and off by swithdng it out 
of and into its own Mode 3, or can slilJ be used by the serial port as a baud rate 
generator or in fact in any application not requiring an interrupt. 



Fig. 9.6 TimerteGunter 0 mode 3 : two S-bit counters 

The Table 9.1 summarizes the modes of timers. 


Mode 

Brief Description 

Mode 0 

13-&lt timer tTL-5fiHs and TH-3bits). 

Counter Oversow ft indicated by time inlcrrupl (lag. 

Mode t 

16-brt timer (TL-Sbils and TH'flbils) 

Rest is same as mode 0, 

Mode 2 

Automatic reload mods. 3-bit counter (TL-Bbil) overflow from 

TL not only sals TF. but also reloads TL with the contents of 
TH- 

Mode 3 

Establishes TL and TH as two separate Counters. 


Table 9.1 Summary of timer modes 

Example 9.1 : state th? ritada itl ffilrifir h'wirr mill bn Operated after extCUHm of fiilJpwiHg 
instructions. 


i) MOV TMOD, tt 01H ii) MOV TMOD f # 12H 
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Solution : From Fig, 9,7 we have, 

i) TMOD ■= 0000 0001, mode 1 of timer 0 will be ^elected. 

it) TMOD - 0001 0010, mode 2 of timer 0, and mode 1 of timer 1 will be select®!, 

I# Example 9.2 : Determine the timer 's clock frequency and its period for 8051 systems 
with following crystal frequencies. 

i) 12 MHz ii) 1LQ592 MHz 

Solution : 


XTAL 


Frequency 


* 12 


Timer's ckjck fneqwr^y 


Fig, 9.7 


1)12 MHz + 12 = 1 MHz and T = 1/lMHz - 1 \a 

ii) 11-0592 * 12 = 921.& kHz and T ^ 1/921,6 kHz = 1.085 ps 

IP#* Example 9,3 : If crystal used for S032 microcontroller m of 4.5 MHz then determine the 
time for setting the timer flag for 

0 Timer mode » 0 if THX starts of 00H 
ii) Timer mode - 1 if THX starts at 00H 
Hi) Timer mode - 3 if count in THX is 9CH. 

Solution i Timer clock's frequency = Crystal frequency * 12 

= 45 MHz * 12 
= 375 kHz 

Timer dock's period - 1/375 kHz - 2 667 ps 

i) In mode 0 timer is 13-bit hence the maximum count ter timer is IFFHi- When 
timer reaches its maximum of 1FFFH, it rolls over to 0000, and TF is raised. 

Time for setting the timer flag is 

= 2.667 jjes x 1FFFH (8191) 

= 21-84 ms 

ii) In mode 1 timer is 16-bit hence the maximum count for timer is FFFFH. When 
timer readies its maximum of FFFFH, it rolls over to 0000, and TF is raised. 

Time for setting the timer flag is 

= 2,667 Its x FFFFH (65535) 

- 174.78 ms 


Tiohl 


no 
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iii) In mode 3 timer 0 establishes TLO end THO ns two separate counters. 

the maximum count for THO is FFH. When timer reaches its maximum of FFH, it 
rolls over to 00H, and TF1 is raised 

Time for setting the TH1 is 

= 2.667 psx (FFH - 9CH) 

= 2.667 psx 63 H (99) 

= 264 [AS 


9.1.3 Loading Timer Registers 


Whenever, a tim e delay is to be generated using timer of S051, it is the first step In 
find the counts which are to be loaded into the timer registers, TH and TL. These counts 
can be obtained by following die steps given below, 


Let us assume the crystal frequency as F and desired time delay m t. 


1. Timer period, T = 


n 

¥ 


2. Obtain the decimal value, N by dividing the' desired time delsytft by time 
periodfT), 


M 


t 

T 


3. Subtract hJ from 65536.. 

4. Convert result of subtraction (from step 4) to hoc Let this hex value be CgCaQ.C#,* 

5. CtCo is the count which is to be loaded into TL legist® and C 5 C 2 in Tff rejpstifr 
TH =■ CjCj and TL ® C.Cg* 

>1^- Example 9.4 ’ If the crystal frequency is 12 MHz., find the counts t m med to fcad into 
Use timer registers r if a required time delay s 5im Ain write a program to create a pulse 
having width of 5 rm cm FI-5 using timer Q. 


Solution l Crystal frequency - 12 MHz, 


T 


12 

12xHT* 


1 p&. 


i.e. the counter counts up every 1 ps. Oat of many 1 ps intervals, we have to- malm- & 
5 ms pulse.. 


We need 5 ms/1 ps » 5000 docks. 

N = 65536 - 5000 = 60536 = EC7HH 

We have to load TH with ECH and TL with 78H. 



: cl ■ 
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Prognm ; 


C w. Pi. 5 
MOV TMOD r #01 
START i MOV TIiO, #78H 

MOV TB0, #0ECH 

SETS Pi, 5 
SET! TRO 

REPEAT : JSfi TFfl, ftE PEAT 
CLP, TR0 
CLR TFO 


; Clear PI *5 

i Timer 0, mg.de l {16-bit mode) 
f TLQ » 78H, Timer 0 lower byte 
register 

i THO - 0ECE, Timer 0 higher byte 
register 
f SET PUS high 
$ start timer 0 

; Monitor timer flag 0 till it becomes 1 
J Stop timer 0 - 
} Clear timer Q flag. 


From all above discussion, it is dear that the time delay depends on the count loaded 
into the tbrnes register and hence on the crystal frequency. The largest time-delay can be 
obtained by making this count 0(0000 H), If the toe-delay which is to he produced is 
greater Ann this limit, then we can use one of the register of 8051 as a counter and a loop 
can be repealed as shown in. the program given below. It creates multi pie delays. 


(The previous example with register R3, loaded with count 200 is taken), 
CLR PI.5 
MOV TMOD, #01 

MOV R3, #200 j R3 used as a counter 

t to obtain multiple delays 

START : MOV TLO, tlQH 
MOV THO, #03H 
SETS PI. 5 


SETH- TR0 

R1&RR7 : JNB TF0, REPEAT 
CLR TRO 
CUt TFO 

PJHS R3, START f If R3 la not rere, 

; reload, timer register 
r and repeat the process* 

Here, 


Count in timer register is 0310 H - 784 in de cim al. 


65536 - 714 = 64752 


64752 x 1 jag = 64,752 ms 
For 200 repetitions, we get 

200 x 61,752 ms ■ 12.95 seconds. 

Hi Programming Counters 

In to previous section we have seen, how to fldSl' $ timer/counter can be operated 
at a tuner to generate toe delays. Also we have introduced the counter mode which can 
be selected by making C/T bit in TMPOD register 1. Tn this mode to same timer is 
operated as an event counter. 

Copyrighted mated, 
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Counter registers 

When the timer/counter is used as a counter, the TMOD, TH and XL registers are 
used, functioning the same as tor the timer studied in the last section. 


C/T bit in TMOD register 

As seen earlier, the C/T bit in the TMOD register decides the tinier/counter 
functioning as a counter ot a timer. When C/T bit in the TMOD register is U, the timer 
mode is selected. When Hmer/counter is used as a timer, the @D51's crystal is used as a 
source of the frequency. When C/T bit in the TMOD register is 1, the counter mode is 
selected. When timer/counter is used as a counter, it gets its pulses from outside the SQ51, 
The pin PS,4 (pin number 14) and pin 3.5 (pin number 15) of S051 are used for applying 
pulses counter 0 and counter I respectively, These two pins belong to port 3- The counter 
counts up fur each dock pulse applied at this pin. These pins are called TO (timer 0 dock 
input) and T1 (timer 1 dock input). 


Example 9.5 : Write a program for counter 1 in mode 2 to count the pulses and display 
the slate of Til count on port 2, Assume t)mt dock input is connected fa T3 pin (P3.5), 


Solution ■ 

MOV TMOD, tOllCOOOQB 

MOV Til, 10 
SETS P3.5 
START s SETB TRl 
BACK i MOV A, Til 
MOV P2, A 
JUB TFl, BACK 
CLB TRl 
CLR TFl 
5JMP START 


; Initialize counter 1 in 
? Mode 2 , C/T=l 
; Clear Til 
; Make T1 input 
; Start the counter 
; Get the count from TLl 
j Sent it to port 2 
j if TFl - 0 repeat 
; Otherwise stop counter 1 
; Make TF1-0 
; Repeat 


NotO ; When 8051 is powered tip ports are configured as input ports. To make them 
work as output port we have to send high output on it Therefore, to behave Ti as input 
P3JI is set, 


imp Example 9.8 : Write a program to display counter 0 on 7-segmmt LEDs. Assume that 
dock input is connected to pin (P 3.4) 

Solution ; 


MOV TMOD, #00000110 

MOV TLQ, #00H 
SETB F3.4 
START : SETB TRQ 
BACK i MOV A t TLO 

ACAIL CONVBCD 
MOV P2, A 
JMB TF0, SACK 


Initialize counter D in 
Mode 2 r C/T-I 
Reset counter value 
Make TO as input 
Start counter 0 
Get the count value 

Send count value in BCD on port 2 
If TF0 - 0 repeat 


righted 


trial 
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CLR TR.Q 
CLR TFO 
SJMP START 

CONVBCD : ADD A, *DDH 

DA A 
RET 


; Otherwise stop counter 0 
i Make TF0=0 
Repeat 

; [Use BAA fat 
; BCD conversion! 

; Return to main program. 


The Fig, 9.B shows the interface between Mol and 7-segment displays. 



Fig. 9.8 


Examp Ib 9.7 \ Using timer auto reload mode of 8051 generate a square umm of 2 kHz On 
port pin 1 ,0. Write an assembly language program for the same. Assume oysinf frequency to 
be U.0592 MHz. 


Solution : 

MOV TMOD, 1213 

MOV TWO, #19R 

AGAIN: ACALL DELAY 

CPL P1*0 
SOME AGAIN 

DELAY: GET TRO 

BACK: JMB TFO,, BACK 

CLR TRO 
CLR TFO 
RET 


Timer 0, mode 2 

auto reload) 

THD-[255 - 230} - 25 - 19H 
Wait for 0.25 m£ 

Toggle Pl t 0 
Repeat 

Start the timer 0 

Stay until timer rolls over 

Stop timer 0 

Clear TF for next iteration 
x 10 -6 ) - 2.5 x 10" 1 


t™ = 

T = 

F = 


Totp = (230 x 1.085 
5 x 10^ 

i = 2 x lo 5 = 2 kHz 


3PV 


riohte 


aterial 








Microprocessor & Microcontroller System 9-12 


Countar/Tlnrer 
Programming III 8051 


Example 9.8 : Write assembly language program for 8051 suck that LED connected to 
port FLO flask, at 0,5 sec rate when line P2.0 goes high. Use timer 0 for generating delay. 


Solution : Program : 

MOV TMQD, t 01 
MOV P2, tOFFH 
CHECK: JB P2,Q, CHECK 

HEBE; CPi P i * 0 

AC&1L DELAY 
SJME HERE, 


Timer 0, Mode 1 £ 16-bit model 

configure P2 as input 
Repeat until P2.0 - logic 1 
Toggle P1.0 
Malt for 0,5 sec 
Repeat 


Assume XTAL - 12 MHz 
Timer dock frequency = 12 MHz + 12-1 MHz 

1 ~ 1 jis 

With this timer frequency and 16-bit timer we can get maximum delay ol 
65536* lpS^ 65.534 ms. Therefore, to get a delay of 0.5 sec. we have use external loop. 
We program timer 0 to give delay of 50 ms and such a delay is executed for 10 times to 
get a delay of GJ sec. 

To get delay of 50 me, the timer has to down stop 50000 times. Therefore, the initial 
value to loaded in TH and TL will be 

Value = (65536 - 50DGO) lo 



= 3CBGH 





TH <- 3CH 

and 

TL - BOH 


DELAY: 

MOVE R0, f0AH 

r 

Initialise counter 

to 10 

BACK : 

MOV TLQ,#S0H 

r 

thQ * BOH, the lew 

byte 


MOV TH0,#3CH 

w 

TH0 = 3CH the high 

byte 


SET’S TRO 

i 

Start the timer 0 


AGAINi 

JNB TF0, AGAIN 

jr 

Cheek timerG flag until 



f 

it rolls over 



C3LR TRO 

r 

atop timer 0 



CLR TF0 

r 

Clear timer 0 flag 



DJ1IS R0> BACK 

e 

r 

Decrement counter and if 



f 

r 

zero repeat 



RET 





'TlClhi 


mi 
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.11 


Microprocessor & Microcontrol lor System 9-13 Co unter/TImer 

Programming In S051 

Review Questions 

1. Write a short note m timer registers in &Q5L 
2r Draw ami eapMn tfte bt( pattern of TMOD register, 

3- Explain software imd hardware methods to start and stop times in MSI. 

4 Explain, halo to generate time delay using mode 1 of the timer . 

5. Give steps to generate time delay using mode 2 of the timer, 

6. Write a short note wt counter registers in 8051 . 

□□□ 
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Most of Hie microprocessors/mlcrocoiriCrQller are designed for parallel communication. 
In parallel commurtication, number of lines required to transfer data depend on the number 
of bits to be transferred. For example, to transfer a byte of data, 8 lines are required and 
all 8-feit$ are transferred simultaneously. Thus for transmitting data over a long distance, 
using parallel communication is impractical due To the increase in cost of cabling. Parallel 
communkafeiort is also not practical for devices such as cassette tapes or a CRT terminal. In 
such situations,, serial communication is used. In serial communication one bit is 
transferred at a tim e over a single line. 


Fig, 10-1 shows parallel and serial data transfers. 



Fig. 10.1 

In this chapter we will discuss the interlacing of 8051 to RS 232C and serial 
communication programming ol 8051, 

10.1 8051 Connections to RS 232C 

In RS 232C the voltage level + 3Vto + 15Vis defined as logic 0; from -3 V to -15 ¥ 
is defined as logic I. Hie control and timing signals are compatible with the TTL level. 
Because of the incompatibility of the data lines with the TTL logic, voltage translators, 
calle d line drivers and line receivers, are required to interface TTL logic with the RS 232C 
signals. The Fig, 10,2 shows the connection between RS 232C and 8051. Here, MAX 232 
drip is used as a line driver and line receiver. We know that 8051 assigns two pins RxD 
(P3.0) and TxD (P31J for reception and transmission of serial data, respectively. These pins 

(10 - 11 
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are TTL compatible; therefore, they require line driver and line receiver to make them 
RS 232C compatible. The MAX 232 has two sets oi line drivers and line receivers for 
transmitting and receiving data.. Only one set is required for one serial communication. 



Fig, 10.2 Connection between RS-232C and 8051 

10.2 8051 Serial Communication Programming 

The serial port of -BfKl i& foil duple*, means it can transmit and receive 
simultaneousiy. It can ako reeelve-buffered, meaning it can commence reception of a 
second byte before a previously received byte has been read from the receive register. 
(However, if the first byte still hasn't beat read, by the time reception of the second byte is 
complete, one of the bytes will be lost). The serial port receives and transmit registers and 
both are accessed at Special Function Register SBUF. Writing to SBUF loads the transmit 
register, and reading SBUF accesses a physically separate receive register. 

10.2.1 Oporatirig Modes for Serial Port 

MODE 0 

In this mode, serial date enters and exits through RxD. TxD outputs the shift dock. 
8-bite are transmitted/received : 8 data bits (LSB hist). The baud rate is feed at 1/12 the 
oscillator frequency. 

MODE 1 

In this mode,, 10-bite arc- transmitted {through TxD) or received (through ftxD} I a start 
hit (0), 8 date bits (LSB- hist), and a stop bit [1). On receiving, die stop bit goes into RB8 in 
Special Function Register SCON- The baud rate is variable,. 


TlOhl 


mi 
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mom 2 

In this mode, 11-bits ate transmitted (thorugh TxD) or received ('through RxD) : a start 
bit (0), 8 data bite (LSB first), a programmable 9th data bit, and a stop bit (1). Gn 
Transmit the 9th data bit (TIB hi SCON) can be assigned the value of 0 or 1. Or, for 
example, the parity bit (P, in the PSW) could be moved into TB8. On receive, the 9th data 
bit goes, into RBB in Special Function Register SCON, while the slop bit is ignored. The 
baud rate is programmable to either or ^ the oscillator frequency. 

MODE 3 

In this mode, II-bits are transmitted (through TxD) or received (through RxD) : a start 
bit (0), 8 data bits (LSB first), a programmable 9th data bit and a stop bit (1). In fact. Mode 
3 is the same as Mode 2 in all respects except the baud rate. Hie baud rate in Mode 3 is 
variable. 

In all four modes, transmission is initiated by any instruction that uses $BUF as a 
destination register. Reception is initiated in Mode 0 by the condition Rl = 0 and REM - 1. 
Reception, is initiated in the other modes by the incoming start bit if REN = 1. 

The Table 10.1 summaries the four serial port modes provided by 8051. 


Mode 

Transmission format 

Baud rate 

mm 

8 date bits- 


n 

ID-bit {start bit + 6 data bits * step bit) 

Variable 

2 

11 -bit {start bit + 0 data bite +■ programmable 

9 th eta la bit + step bit) 

Programmable to either JL 
or osellistw frequency 

3 

11-bit (Start bit + 8 data bit * programmable 9 th 
date bit + step tat) 

Variable 


Table 10.1 Summary of serial port modes 


10,2.2 SBUF 

SBUF is an S-bit register dedicated for serial communication in 8051- If can be accessed 
like any other register in 8051. The way in which SBUF is used for the transmission and 
reception of the data during serial communication is explained below, 

* Transmission i When a byte of data is to be transmitted the TxD pin, the 
SBUF is. loaded with thus data byte. As soon as a data byte is written into SBUF, 
it is framed with the start and stop bits and transmitted serially via the TxD pin, 

* Reception : When 8051 receives data serially via RxD pin of it, the MSI 
deframos it- The- start and stop bits are separated out from a byte of data, This 
byte is placed in SBUF register. 
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Serial Port Control Register 

The serial port control and status register is the Special Function. Register SCON, 
shown in Fig, 10.3. I'M® register contains not only the mode selection bits, but also the 9th 
data bit for transmit and receive {TBS and R8S), and the serial port interrupt bite (TI and 
RI). 

(MSS? (L$B> 


7 

0 

S 

4 

3 

2 

1: 

0 

SMD 

SMI 

SM2. 

REN 

TBS 

RBB 

Ti 

RI 


Fig, 10.3 Serial port control / status register 


Symbol 

Position 

Name and significance 

SMO 

5CON..7 

Serial port Mode control bit C. 

Sai/deared by software (ana note}- 

$ra: 

SCONfl 

Serial port Mode control bit i. 

Sel/dcared by software (see note}. 

5Mf 

SCON 5 

Serial port Mode control bit 2. 

Set by software to disable recaption, of frames far which bit S la zero. 

REN 

SCON 4 

Receiver EmM control WL 

Scl/dearod by software to engb^Vdisabkj serial data taOOpbOn 

TBS 

SC ON.3 

Transmit Bit S. 

Sal/deared by hardware to dsttiMmti Stale Of ninth data bit transmitted in 9-btt 
UAFtT mode. 

RB3 

SCON .2 

Receive Bit 8. 

S»i/d eared by hardware to indicate state of ninth data bit received. 

TI 

SCON.1 

Transmit Interrupt (tag. 

Sal by harchwt whm byte iranamlfltdL Gteantd by toftwero titer servicing. 

fit 

El 

Receive Interrupt flag. 

Set by hardware when byte receded. Cleared by software after serviemg. 


Nate i 

Ml ode 

0 

1 

2 

3 

The state of (SMO SMI) selects : 

SMO SMI 

0 O - Shift register ; baud = til 2 

0 1 - 8-hit UAI-? r, variable data, rale 

1 0 - Sfaii UART„ fared data rate; baud ■ V32 or OT4 

1 1 - 9-bil LlART, variable date rate. 


Fig. 10.4 SCON-seriaf port controE/status register 


































Microprocessor & MicrocontrollerSy*tem 10-3 


SCSI Serial Communication 


10,2,4 Generating Baud Rates 

Serial Port in Mode 0 : 


Mode 0 has a fixed baud rale which is 1/12 of the os ci llator frequency. To run the 
«rial port in this mode none of the Timer/Counters need to he set up. CMy the SCON 
register needs to he defined. 


Baud rate 

Serial port in Mode 1 


Osc i'req 
_ . 


Mode 1 has a variable baud rate. The baud rate can be generated by either Timer 1 or 
Timer 2 [80®2 only), 


Using TimoriCounter 1 to Generate Baud Rates 


For this purpose, Timer 1 is used in mode 2 (Auto-Reload), 

k X Oscillator ireq. 


Baud rate =■ 


32 X 1:2 X [256—TH1 )J 


If SMOD a 0, then k - 1, 


1/ SMOD ■ 1, then k = 2. (SMOD is the FCON register) 

Most of the time the user knows die baud rate and needs to know fire reload value for 
THl. Therefore, the equation to calc ul ate TH1 can be written as : 


TH1 


256 - 


k X Osc freq. 
3S4 x Baud rate 


TO! must be an integer value. Rounding off THl to the nearest integer may not 
produce the desired baud rate, In this case, the user may have to choose another crystal 
frequency, 

Since the FCON register is not bit addressable, one way to set the bit is logical ORing 
the FCON register, (he. ORL FCON, The address of FCON is 87H, 

The Table 10.2 shows the values to be loaded into THl to get the- corresponding baud 
rate- It also shows that the baud rates are doubted when SMOD - 1, 


THl (HCX) 

Baud rale (SMOD - 0) 

Baud rate (ShtOD = 1) 

FD 

96 DC 

19.25a 

FA 

43M 

taoo 

F4 

2400 

4300 

Eft 

12W 

2400 

Note ; XFAL - \iJ0SBZ MHe 


Table 10,2 
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Using TimerfCountar 2 to Generate Baud Rates 


For this purpose, Timer 2 must be used in the baud rate generating mode. If Timer 2 
is being docked through pin T2 (PI ,0) the baud rate is : 

Timer 2 overflow rate 


laud rate = 


16 


And if it is being docked internally the baud rate is : 


laud rate 


Osc freq, 

32 x [65536 - (RCAP2H, RCAP2L)] 


To obtain the reload value for RCAF2H and RECAP2L the above equation can be 
rewritten as ; 

RCAP2H, RCAP2L = 65S36 - . , n °* c - 

32xBaud rate 

Serial port in Mods 2 

The baud rate is fixed in this mode and is J4 or y m of the oscillator frequency 
depending on the value of the SMOD bit in the PCON register. In this mode none of the 
Tuners axe used and the dock comes from the internal phase 2 dock, 

SMOD = 1, Baud rate = fa Osc freq, 

SMOD - 0, Baud rate = fa Osc freq. 

To set the SMOD bit : URL PCON,#30H. The address of FCON is S7H. 

Note : By changing SMOD bit in PCON from 0 to I we can double the baud rate in 

mt 

Serial Pott In Mtodo 3 

The baud rate in mode 3 is variable and sets up exactly the same as in mode 1. 


10,2*5 Programming 8051 for Serial Data Transfer 

To program 6051, to transfer date serially we have to perform following sequence of 
actions ; 

1. Load the TMOD register with the value 2QH to use tinier 1 in mode 2 (8-bit 
auto-reload) to set the baud rate, 

2. Load TH1 to set the desire baud rate for serial data, transfer. 

3. Load SCON register with the value SOU, to use serial mode 1, where an 8-bit date 
Is framed with start and stop bits, 

4. Set TR1 to 1 to start tuner 1, 

5. Clear TI with CLK TT insfruction. 

6. Writ® a character to be sent in to the 5BUF register. 


yriqmed m; 
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7. Check, the TI flag hit with instruction JNB Tl, XXXX to see if the character has 
been transferred completely. 

8. Go to step 5 to transfer the next character. 

Example 10,1 : 8053 uses 11.0532 MHz crystal. To get B600 hertz baud rate how mil 
you program it for serial transmission ? 


Solution * When 11.0892 MHx crystal is used and a standard baud rate of 9600 hertx is 
required then, the setting of TH] can be found as 

kxOsc freq 

] ” 384 x Baud rate 


Program : 


1x11.0592 x 10* 

" 256 384x9600 - 253 - FDH 

MOV TMOD, #020 ; Initialize timer 1 in mode 2 

MOV SCOR, 14CD ; Initialize serial mode 1 

Oft! PC00, #SQH ; Make SMOD = 1 

MOV THl, #FPH ; Load count 


Example 10.2 ; Write an 8051 assemMy language program to transfer fetter "G" serially 
at 9600 baud rate, continuously, 


Solution ; 

MOV TMOD, #2Oh 
MOV THl, tFDH 
MOV SC0N r # 5 0 H 
SETE TR1 

START: MOV SBUF, l lp G ,h 

HERE: JNB TI, HERE 

CLP: TI 
SJMF START 


timer I, mode 2 {auta reload} 
9600 baud rate 
8-bit, 1 stop REN enabled 
Start timer 1 

Letter "G" to be transferred 
Wait for the last bit to 
transfer 

Clear TI for the next character 
Go to send the character again 


Example 18j : Write an 8051 assembly language program to transfer the message 
“HELLO" serially at 9600 baud, 8 bit data , I stop bit 


Solution t 

MOV TW0D t *2CH 

MOV Tlit t #FPH 

MOV SCON, #50H 

SETS TRl 

START: MOV A, #"H" 

ACALi TRANS 
MOV A, i M E H 
ACA1L TRANS 
MO V A f *"1" 

ACALL TRANS 
MOV A, 1' P L" 
ACM,L TRANS 


timer 1, mode 2 
9600 baud rate 

8-bit, 1 stop bit, REN enabled 
start timer 1 
transfer "H" 

transfer H E H 

transfer "L" 

transfer "L" 
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MOV 

A, §" 0 " 

i 

transfer "O 31 



ACA1L TRANS 

B 

Serial data 

transfer subroutine 

TPsftRS : 

MOV 

SBUF, A 

f 

Load SBUF 


HERE : 

JNB 

TI, HERE 

r 

wait for the 

last bit to 




r 

transfer 



CLR 

Tl 

p 

clear T3 for 

the next 




p 

c ha ra cter 



BET 






10,2.5,1 Importance of the Tl Flag Bit 

When a data is to be transmiticd via TxD pin, first a data byte is loaded into the SBUF 
register, A start bit, a data byte and then the stop bit are transmitted sequentially via TxD 
pin. During the transmission of the stop bit, 8051 sets the H flag, i.e, TI = 1, This indicates 
the end of data byte transmission and 0051 is ready for the transmission and BOS I is ready 
for the transmission of next data. The programmer has to dear the Tl. flag, i,e. Tl = 0, with 
the CLR IT' instruction to transmit next data, The Tl flag bit should be monitored to make 
sure that the SBUF register is not overwritten. If we write the next byte to be transmitted 
into the SBUF register before setting the TI flag bit, the untransmitted portion of the 
previous byte will be lost The programmer can check the TI flag bit by ‘JNB TL XX’ 
instruction or by using an interrupt, 

10,2,6 Programming 6051 for Receiving Serial Data 

To program 8051, to receive data serially' we have to perform following sequence of 
actions : 

1, Load the TMOD register with the value 20H to use timer 1 in mode 2 (8-bit 
auto-reload) to set the baud rate. 

2, Load TH1 to set the desire baud rate for serial data transfer. 

3, Load SCON register with the value 50H, to use serial mode 1, where an 8-bit date 
is framed with start and stop bits, 

4. Set TR1 to 1 to start timer L 

5, Clear RJ with CLR RI instmcbon. 

6. Check the RI flag bit with instruction JNB RI, XXXX to see if an entire character 
has been received yet., 

7. If RI b set; SBUF has the byte. Save this byte. 

8. Go to step 5 to receive the next dharecien 

Example 10.4 : Write an 8051 Assembly language program to receive bytes serially with 
baud rate 9600, 8-bit data and 1 stop bit. Simultaneously send received bytes to port 2. 


Solution : 

MOV 

TMOD, 

#20R 

i turner l, wode 2 (auto reload) 


MOV 

TH1, 

f FDH 

; 9600 baud rate 


MOV 

SCON, 

is , 0 h 

; 8-bit | 1 atop,, REN -enabled 
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SETS TRl 

HERE 1 JNB RI t HERE 

MOV A, SBUF 
MOV P2, h 
CLR RI 
5JMP HERE 


; start timer 1 
i wait for character receive 
; damplately 

; save the received character 
; send character to port 2 
; Get ready to receive nest byte 
; Gq to receive next character 


10,2,6.1 Importance of the RJ Flag Bit 

When a data is to be received, via RxD pin, first the start bit, and a data byte with one 
Wt at time are received sequentially via RxP piru When the last bit of a data byte i& 
received, a byte is formed and the SBUF register is leaded with this byte. Then the stop bit 
is received. During the reception ol the stop bit, 6051 sets the RI flag, i.e, RI - L This 
indicates that the entire data byte has been received- This data byte which is loaded In the 
SBUF register, should be placed to a safe place such as any register or memory before it is 
lost. Hie programmer has to clear the RI flag, Le. RI » 0, with the 'CLR RT instruction to 
receive next data, and place it in SBUF register. The RI flag bit should be monitored to 
make sure that the entire byte has been received. This monitoring of the RI flag bit till it 
becomes one to ensure the reception of complete data place it in SBUF register, copy it to 
the safe place and then make RI zero with 'CLR RI 1 instruction are the necessary steps to 
avoid any loss of received data. 


10,2,7 Doubling the Baud Rate In the 8051 

We can double the baud rate in 8051 using two way 

* ly doubling the crystal frequency, 

* By making SMOD bit in the PCON register from 0 to 1. 

Example 10.5 : Write a program to receive message from PC to SOS1. Message string is 
"Md', After fftfc microcontroller Sends message to PC Tnti", 

Solution : The Fig, 10 3 shows foe connections between MSI and PC. 


S051 



TsD 

TaPC 
COW Part 

(Pi-1) 


FbcD 


{P3.0) 


Fig. 10,5 
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MOV 

TMQD, #2 OK 

Initialize timer 1 in mode 2 


MOV 

TBl| I0FDK ; 

Load count to- get 56QCI baud rata 


MOV 

SCON, *5 OH ; 

fl-bit, i stop, REN enabled 


SETS 

Tftl f 

Start timer 1 


MOV 

DPTR, I200UH 

f 

Initialize memory pointer to 
save received data ■ 


MOV 

RO,♦05H ; 

p 

Initialize counter to read 

5 characters 

RECV; 

JNB 

FI.KECV I 

wait for character 


MOV 

A x SB U F ; 

Read the character 


MQVX 

§DPTR,A ; 

Save it in memory 


INC 

PPTR ; 

increment memory pointer¬ 


CLR 

RI ; 

cet ready £dr next character 


DJNZ 

RD, SECT ; 

If not last character repeat 


MOV 

CLR 

DRTR, #MYDATA f 

A 

Initialize pointer for message 


MOV 

RQ, #4H ; 

r 

Initialize counter to send 

4 characters 


MOVC 

A, IA+DPTR ; 

Get the character 


MOV 

SBUF, A j 

Load the data 

HERE: 

JNB 

II, HERE ; 

jr 

Wait for complete byte 
transfer 


CLR 

TI ; 

get ready for next character 

MY DATA: 

DB 11 

END 

Fine", 0 



Review Questions 

1, Drain and explain connection between RS-2S2C and 5051. 

2, Explain operating modes for mml port in 8051, 

£ Dram format of SCON register. Explain different inlta in it. 

4, Gim steps to program 8051 for serial data transfer, 

5, Gwe steps to program SCSI for rectiwing serial data, 
fi Mam will you double the baud rate in 8051 ? 


□ □□ 
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Interrupt Programming 



In this chapter, wi will discos* the interrupt supported by 8051 and related 
programming- 

11.1 8051 Interrupts 

The 8051 provides five interrupt sources- These are listed below. 

1. Tim®' 0 (TFO) and timer 1 (TF1) interrupt. 

2. External hardware interrupts, INTO and INTL 

3. Serial communication interrupt II and RI 

The Fig- n.l shows the interrupt structure of 8051. 



ov 

r J 


righted 


»rial 


J 


(11 - 1 } 




Micro processor & Microcontroller System 11-2 


Interrupt Programming 


11.2 Interrupt Vector Table 

In 8051, all interrupts are vectored interrupts and have vector locations as listed in 
Table 11.1 when interrupt is activated 8051 reads the address of interrupt service routine 
from the vector location. 


Interrupt 

Vector Location 

External hirdwate rnssmipt 0 {INTO) 

0003H 

Timer 0 miemipi (TFQ) 

0008 H 

External hardwire interrupt 1 (INTI) 

0013H 

Timer 1 mEerrupt (TF1) 

001BH 

Ser ai communication interrupt (Rl and Tl) 

0033H 


Table 11 1 Interrupt vector table for 8051 


11.3 Enabling and Disabling an interrupt 

When S051 is reset, all interrupts are disable. These are enabled by software. All of the 
bits that generate interrupts can be set or cleared by software, with the same result as 
though it had been set or cleared by hardware- That is, interrupts can be generated or 
pending interrupts can be cancelled in software. 

Each of these interrupt sources can be individually enabled or disabled by setting -or 
clearing a bit in Special Function Register IE (Fig. 11.2) - IE contains also a global disable 
bit, EA, which disables all interrupts at once. 

Note in Fig- 11-2 that bit position IE,6 is iwumplemented. In the 80519, bit position IE.5 
is also unimplemented- User software should not write Is to there bit positions, since they 
may be used in future MCS-SI products, 


(MSB) _(LSB) 


EA 

- 

ETZ 

E$ 

ST1 

6X1 

ETO 

1X0 


Symbol 

Position 

limine end Significance 

EA 

E.T 

Enable AH control bit. 

Cleared by software te disshle all interrupts, independent of Ibe state of 

IEASE.0. 

- 

EC 

(Reserved) 

ET3 

m.§ 

(Reserved) 

ES 

IE,4 

Enabte Soriai pod control bn 

Set/clearerl fay software to enabledisable Inlerrupts from It or Rl flags. 

ET1 

IE3 

Ertabte Timer 1 control tel 

SetycleB.'i-'f fay software to enableTdisable interrupts from timeri'coun ler 1 
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EX1 

IE 2 

Enable External interrupt 1 control b t. 

SeVcIe-ared by software to enable/ disable interrupts from INTI. 

ETD 

| 

IE.1 

Enable Timer 0 control bit 

cleaned by software lo enable,'disable Interrupts from tpnor/oounter C r 

EK6 

110 

Enable external interrupt 0 control bit. 

Set/cleaned by software to enabto/dnablB interrupts from 1 NT-tT 


Fig. 11.2 lE-Intarrupt enable register 


ft.4 Timer Interrupts and Programming 

The Timer 0 and Timer 1 Interrupts axe generated by TFO and TFI, which are set by a 
rollover in their respective Timer/Counter registers (except see Timer 0 in Mode 3). When 
a timer interrupt is generated,, the flag that generated it is cleared by the on-chip hardware 
when the service routine m vectored, 

Recall the concepts studied in chapter 9. In (hat chapter we have seen the use of 
timer 0 and timer 1 with the polling method. Here, we axe discussing the use of inter ruts 
to program 8061 timers. We know that the timer flag (TF) is set (=1) when the timer rolls 
over. In polling method, the TF is monitored with (he instruction. 'JNB TF, target address'. 
We have to wait until the TF is raised. The problem with this polling method is that 8051 
can not do anything dso until TF is set to high, Hus problem can be solved using 
interrupt method. If the timer interrupt in the TE register is enabled, TF is set whenever 
(he timer Is rolled over and the 8051 Is interrupted. Thus the 8051 can perform anything 
else until it is Interrupted. After interruption (timer rolling over) only the MSI remains 
busy in executing interrupt service routine. 

I# Example 11.1 ; Write an S051 ALP that amttnnousty read 8-bit data from porQ and 
sends it to port 0. At the mme time it should generate square wave of 500 ps period on port 
2-0. Asswnw the crystal frequency = IT05-92 MHz, 


Solution : We will use timer 0 in aiitotcload mode, L#, mode 2. To generate square wave 
of 500 :|i5 we have to toggle port 1,0 pin after every 250 ps. 


Timer dock frequency 


11.0592x10'*’ 
12 


= 921.6 kHz 


rm = 256-250 psx 92.1,6 k 10 3 
- 26 = 1 AH 


Program : 

ORG 0000H 

LJMP HAIN ; Avoid using raOraOry space 

i allocated to interrupt vector table 


ORG 000BH 
CPL P1,0 


ISR fur Timer 0 interrupt 
Complement Fl. 0 bit 


Tiqhl 


trial 
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ft 


MAIN 


SACK 


RETJ 

1 

return from ISR 

ORG QD30H 

i 

Start main program after 


i 

interrupt vector table 

my tmo, to 2d 

f 

Initialize timer 0 in mode 

MOV F2, #0FFR 

j? 

Configure Fart 2 ag input 

MOV THO, #AH 

r 

Load timer count 

MOV IE, I82H 

i 

Enable timer 0 interrupt 

5ETR TR0 

i 

Start timer 0 

MOV A, P2 

jr 

Head data from F2 

MOV FA , A 

t 

Send it on P0 

5JMF BACK 

f 

Repeat 

EMU 




11.5 PrografriifHntj External Hardware Interrupts 

Pins,, P 3,2 (pin number 1'2) and F 3.3 (pin number 13} in port 3 ana used as external 
hardware interrupts ENTD and INTI,, respectively. The external Interrupts INTO and INTI 
can each be either 1 evcl-a c tivated or transition-atti vated, depending on bite JT0 and IT1 in 
Register ICON, The flags that actually generate these interrupts are bits ED and IE1 in 
TCON- When an external interrupt is generated, the flag that generated it is cleared by the 
hardware when the service routine is vectored to only if the interrupt was 
transition-activated. If the interrupt was level-activated, then the external requesting source 
is what controls the request flag, rather than the on-chip hardware, 

If fix = 0, external interrupt x is triggered by a detected low at the INTx pin. If 
ITx = 1, external interrupt x is edge^triggered. In this mode if successive samples of the 
INTx pin show a high in one cycle and a low in the next cycle, interrupt request flag lEx 
in TCON is set Flag bit Ex then requests the interrupt 

Since the external interrupt pins are sampled once each machine cycle,, an input high 
or low should hold for at least 12 oscillator periods to ensure sampling., If the external 
Interrupt is transition-activatedl, the external source has to hold the request pin high, for at 
least one machine cycle, and then hold it low for at least one machine cycle to ensure that 
the transition is seen so that interrupt request flag lEx will be set, Ex will fee automatically 
cleared by the CPU when the service routine is called, 

If the external interrupt is level-activated, the external source has to hold the request 
active until the requested interrupt is actually generated. Then it has to deactivate the 
request before the interrupt service routine is completed, or else another interrupt wlU be 
generated. 


Vy 


JVNCihicd 


trial 
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Exampte 11.2 : Write m 5051 ALP to gk w LED for a fraction of second when external 
interrupt INTO is acimsted. 


Solution : 



QRG OOOOfi 





LJMF MAIN 

f 

Avoid using memory space 




t 

allocated to interrupt vector 

table 


ORG 0Q03H 





SETB Fl,0 

} 

Turn ON LED 


BACK 1 

MOVE RZ, iOFFH 

f 

Load count 



DJNS BACK 

P 

Decreiaent count and if not aero repeat 


CLR E1.0 

P 

Turn OFF LED 

j ■ 


RET I 

■*’ 

Return to main program. 



ORG 0030H 

P 

Start main program after interrupt 



g 

vector table 


MAIM : 

MOV IE, #100000018 

f Enable external interrupt 

0 

HERE : 

SJMP HERE 


t wait for interrupt 



END 





11,6 Serial Communication interrupts and Programming 

The Serial port Interrupt is- generated by fee logical. OR of RT and TI. Neither of these 
flags is cleared by hardware when the service routine is vectored to, In fact., the service 
routine will normally have to determine whether it was RI or TI that generated the 
interrupt, and fee bit will have to be deared in software. 

Recall fee serial mmmimkalion studied in Chapter 1C. In feat chapter, fee example?; 
which we have seen, use polling method. Here, we are discussing interrupt based serial 
conunuMcatitm. in this case, fee 8061 can perform other tasks in addition to serial 
com muni cation, Le. sending and receiving data hum serial communication port. 

We know from Chapter 10 feat transmit interrupt (TI) flag is set (-1) when the last bit 
of fee framed data (stop bit) is transmitted. Hus indicates; that the SBUF register is ready 
to transmit fee nett byte. The receive interrupt (RI) flag is set (-1) when the complete 
frame of data, (wife step bit) is received. RI mdkates that fee received byte need? in be 
picked up before it is lost by new incoming serial data. 

All the above c o ncepts are applied equally using polling or an interrupt. Only 
difference is in serving fee aerial communication needs, In palling method, the flag 01 or 
RI) is mcmitorecL The 8051 can not do anything else until thus Rag is set to high- This 
problem is solved using interrupt method. When 8061 has received a byte Of is ready to 
•end the next byte, fee M or TI flag respectively is ret. Any other work can be periraniied 
white fee aerial communication needs are served. There is a single interrupt set aside ter 
serial communication. If IE register (IE,4) is mabted, when RI or H is ret {• 1), fee 8061 is 
interrupted. When imefropted, the ISR written at 0C23h is ewcuted by 8051. In 1SR, the TI 
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and RI flags must be examined to cheek which one caused the interrupt and according lo 
flag the response is given. 

Example 11.3 : Write an 3051 ALP that continuously read 8-hit data from, part 2 and 
sends it to part 0, At the same time it should read incoming data from serial peri at baud 
rate 9600 and $md it ta part ]. Assume that crystal frequency = 11.0592 MHz. 


Solution : 

QRG 0O00H 

LJMP MAIN 

' 

Avoid using memory space 



Jr 

allocated to interrupt, vector table 


GRG 0023H- 
JMB RI , SKIP 

f 

if RI is low goto skip *, 


MOV A , SBUF 

x 

Otherwise receive serial data 


MOV Pl p A 

i 

Send it to port 1 


CLR RI 

* 

Clear RI 


RET I 

/ 

Return to main program 

SKIP i 

CLR TI 

X 

Clear TI 


RETI 

X 

Return to main program 


ORG 1Q0H 



MAIM t 

MOVE F2 , fOFFH 

X 

Configure 92 as an input port 


MOV TMOD, #20H 

f 

Initialize timer I in node 2 


MOV THU # r&F3 

* 

Load count to get 0 G O 0 baud rate 


MOV SCOW, I50H 

X 

Select serial mode with receiver 



X 

enabled 


MOV IE, #10O10O0OB 

f 

Enable serial interrupt 


SETS TFLl 

X 

Start timer 1 

BACK : 

MOV A, P2 

jjr 

Read data from port 2 


MOV PC, A 

f 

Send it to port 0 


SJMP BACK 

END 

X 

Repeat 


n»^ Example 11.4 ; Write an 8051 ALP that continually read S-hit data from port 2 and 

smd$ it to port 0. At the same time it should transmitt the same dabs ore serial port. 
Assume that crystal frequency = 11-0592 MHz, 

Solution : 


ORG 

QOOOEi 



LJMP 

MAIN 

J 

Avoid using memory space 



1 

allocated to interrupt vector table 

ORG 

Q023H 



JHB 

TI, SKIP 

X 

If TI is low goto SKIP 

MOV 

SBUF j A 

1 

Transfer data serially 

CLR 

TI 

# 

Clear TI 

RETI 


t 

Return to main program 

CLR 

RI 

I 

Clear RI 

RETI 


1 

Return to main program 


Tiqhl 


aterial 


SKIP ; 
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MAIN | 


BACK ■ 


ORE 1DDH 
MOV V2, 0 FFH 
MOV TMQD, #20B 
MOV THl, fFDH 
MOV SCON/ I40E1 
MOV IE,f1D010DDDB 
SETS TftI 
MOV hi P2 
HOV SBUF, A 
MOV h f P3 
MOV PO, A 
SJMP BACK 
END 


i Con f igure P2 as an input port 
f Initalize timer 1 in mode 2 
; Load, count to get 9€00 baud rate 
i Select serial mode 
; Enable serial interrupt 
i Start timer I 
l Read data from port 2 
,■ Send the first byte serially 
; Read data from port 2 
/ Send it to port 0 
; Repeat 


11.7 Interrupt Priority in Mi® 8051 

Each, interrupt source can also be individually programmed to one of two priority 
levels by setting or clearing a bit in Special Function Register IF (Fig. 113). A low-priority 
interrupt can itself be Interrupted by a high-priority interrupt but not by another low 
priority interrupt. A high-priority interrupt can't be interrupted by any other interrupt 
source. 


{MSB) (LSB) 


rz 

- 

- 

PS 

PT1 

PX1 

PTC! 

PXO | 


Symbol 

Position 

Name and Significance 

- 

IP.7 

(Resowed) 

c ■ ' m 

IPS 

(Reamed) 

■ 

IP,5 

(RBHnttdj 

PS 

IP,4 

Serial port Priority control bit 

Set'ctflamd by software to specify higlx'Tow priority intnrrvpls for Serial port. 

PT1 

IP.3 

Timer t Priority control bit 

Set/deamd by software to specify highflow priority inlamrpls for timodtourvter 

1 . 

- PX.1 

H 

External inltirupt 1 Priority control bit 

Sat/daared by software to specify higlvlcw priority interrupts for fcNTI. 

PTO 

IP.1 

Timer 0 Priority control bit, 

Ssb'cieared by software to- specify MgMew prwnrty inlerrupU for tlmerj'counter 

0 , 

PXO 

IP.C 

External interrupt 0 Priority control bit SelWeanwt by software to specify 
higMcw pnortly interrupts for INTO, 


Fig, 11,3 IP - Interrupt priority control register 

If two requests of different priority levels are received simultaneously, the request of 
higher priority level is served. If requests of the same priority level are received 


































Microprocessor& Microcontroller System 11-3 _ irftomiptP n a grMnnin g 

sim uItanwiiSly, an inlun^l palling sequence determines which request is serviced. Thus 
within each priority level there is a second priority structure determined by the polling 
sequence, as follows : 


Ho. 

Sou re* 

Priority within Laval 

1 

ieo 

(highaat) 

2, 

TF0 



3- 

IE1 



4, 

TF1 

1 

F 

5. 

ftl + Tl 

(lo***t) 


Note that the "priority within, level" structure is only used to resolve simultaneous 
requests of the same priority level. 

The IP register contains a number of unimplemen.ted bits IP-7 and IP 6 are vacant to 
the 8052$, and to the 8051s these and 1P.5 are vacant User software should not write la to 
these bit positions, since they may be used in future MCS-51 products. 


11.7.1 Nested Interrupts 

Consider a care, the 8051 is executing an ISR tor servicing m interrupt and another 
interrupt is occured. In such a case, if the new coming interrupt is high priority to ton opt 
then only it can interrupt the previously occured low-priority interrupt. These are called 
'nested Interrupts 1 - Thus, to 8051 a tow-priority interrupt can be interrupted by 
high-priority interrupt but not by another low-priority interrupt, to 8051, all die i nter r up t s 
are latched and kept internally- But the low-priority interrupt is sserviced only aftn: 
finishing the servicing of the high-priority interrupts 

11,7-2 Software Triggering of Intemipt 

Software triggering of to* Intel n ip Is is possible in B@5L This means the interrupt em 
be caused by setting an la i eiri^ t flag with an instruction- For example. If toe SB bit tor 
tinier 1 is set, an instnadton Wifi TFT will interrupt toe 8051 and 8061 will start 
executing TSR- Thus, it to not needed to wait for timet 1 to roll Over to have fin Inte r rupt 
Since we are using inatruetton to create an interrupt, It fa oiled software triggering. Thfc 
is useful for testing an ISR by way of simulation. 

Review Questions 

1. Dram ml erptawi Me interrupt structure efSQSL < 

2- When 5051 is reset, all isierrupts art deaMerf. flow to enable these interrupts t 

3. GrW (hr twttor addiBsa of each interrupt source. 

4. Explain, haw is enabie and disable httemipts. 

b- Yiilh the help of example explain prvgmrmmg of ham interrupt. 
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& Wilt the help fjf example. expalin programming of external interrupts. 

7. With the help of example explain programming of serial interrupt. 

ITj 

I; Write a shirt note on interrupt priority 
& 1 fl/fml gee nested interrupts ? 

Ift W)mt dp p <?if mean ky software triggering of interrupts ? Whether w # pi&riMe in MSI ? 


□ □□ 
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The 8255 is a general purpose programmable I/O device used for parallel data 
transfer. It has 24 I/O pins which can be grouped in three E-bit parallel ports s Port A, 
Fort B and Port C The eight bits of port C can be used as individual bits or be grouped in 
two 4-bit ports : C UWrf (Cy) and C lnwEf (C L ), 

Th# 8255, primarily, can be programmed in, two basic modes : Bit $ei/Reset (BSR) 
mode and I/O mode, The B5R mode is used to set or reset the bite in port C The I/O 
mode is further divided Into three modes : 

Mode £> ; Simple Input/Output 

Mode 1 : Input/Output with handshake 

Mode 2 : Bi-directional I/O data transfer 

The function of I/O pins [input or output) and inodes of operation of I/O ports can be 
programmed by writing proper control word in the control word register. Each bit in the 
control word has a specific meaning and the status of these bite decides the function and 
Operating mode of the T/O porter 

12,1 Features of B255A 

1. The 8255A is a widely used, programmable, parallel I/O device. 

2. It can be programmed to transfer data under various conditions, from simple I/O 
to interrupt I/O, 

3. It is compatible with all Intel and most other microprocessors, 

4. It is completely TTL compatible. 

5. It has three 3-bit ports ; Port A, Port B r and Port G, which are arranged in two 
groups of 12 pins. Each port has an unique address, and data can be road from or 
written to a port. In addition to the address assigned to llic thre? ports, another 
address is assigned to the control register into which control voids arc written for 
programming the 3255 to operate in various modes. 

6. Ite bit set/reset mode allows selling and resetting of individual bits of Port C. 

7. The 8255 can operate in 5 I/O modes i (i) Mode 0, (11) Mode 1, and (iii) Mode 2. 
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a) In Mode Q, Port A and Port B can be configured as simple fl-bit input or output 
ports without handshaking. The two halves of Port C can be programmed 
separately as 4-bit input or Output ports- 

b) In Mode 1, two groups each of 12 pins are formed Group A consists of Port A 
and the upper half of Port C while Group B consists of Port B and the lower half 
of Port C- Ports A and B can be programmed as 8-bit Input or Output ports with 
three lines of Port C in each group used for handshaking- 

c) In Mode 2, only Port A can be used as a bidirectional port. The handshaking 
signals are provided on five lines of Port C (PC^PC,). Port B can be used in 
Mode 0 or in Mode 1. 

■6. All I/O pins of B255 has 2.S mA DC driving capacity (Le. sourcing current of 
25 mA), 

12.2 Pin Diagram 

Fig. 12,1 shows the pin diagram of 3255. 



J Pin diagram of 6255A 


Tiq hi 


»rial 
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Pin Symbols 

Function 

Dq-D 7 (Data Bus) 

These bi-directional, in-state data bus lines are connected to Hie system 
data bus. They are used to transfer data and control word from 
rmraopnopaswr (WBSJ to 8255 or to receive data or status word from 8255 
to Hie BOSS. 

FAg-FAj (Port A) 

These 8-bit tad Erectional I/O pans are used to wad data to output device 
and to receive data (tom Input device. It hinctloni as in B-toit data output 
latch/butfej, when used in output mode and an B-bil data input buffer, When 
used in input mode 

PB^PB 7 (Port 0} 

These 8-bit bi-directional I/O pins are used to send data to output device 
and to receive data from Input device. It (taicttons as an 8-bit dale, output 
lalctabufler when used in output mode and an B-bil data Input buffer, when 
used in input mode. 

PC trPCj 

These 8-bit bi-directional I/O pins ere divided into two groups K:, 

(PC 3 -PC 0 ]i and PC,, (PCj-PC^T These groups individually pen transfer data 
in or out when programmed for stoipfe 1 K>, and wed as handshake signal* 
when programmed tor handshake or bi-directional modes, 

RO (Read) 

When toil pin is low, the CPU can read die data in the ports or toe status 
word, through, Ihn data buffer. 

WR (Write) 

When this mput pm is tow* the CPU can writ© data on toe porta or in toe 
control register through the data bus buffer.. 

c£ to# $«hi 

This is an active low input which rain be enabled for data transfer eperatton 
between toe CPU and to* 5255. 

RESET 

This is sn active high input used to rasa! B265. When RESET Input It high, 
toe control register is cleared and all to© porta era set to the input mode. 
Usually RESET OUT signal hom B0B5 is used to reset 5255 

! Aq and A 1 

These input, signets along with KD and WR inputs control the selection of 
toe «of*taoifatalUE» word registers m one of toe tore© ports.. Table, 5,1 
summarizes the statu*, of Aq , , CS, RD and WR to access toe control 

wocd/poris. Ag and A, ar© generally oomnacted to the Ag, A f pins of toe 
address bui: the 6255 therefore occupies four consecutive locations in toe 

W3 space. 


Al 

A f 

RD 

Wr 

OS 

Operations 






Input (Read) Operation 

0 

0 

6 

i 

O 

Fort A Id Data Qua 

6 

1 

6 

i 

0 , 

Fort B to Data Bus 

1 

0 

0 

i 

6 

Fort C to Data Bus 






Output (Write) Operation 

0 

0 

1 

0 

0 

Data Bus- to Port A 

6 

1 

1 

6 

0 

Data Bus to Port B 

1 

0 

1 

6 

6 

Data Bus to Port. C 

1 

1 

1 

j 0 

0 

Dale Bus to Control Register 
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Disable Function 

X 

X 

X 

: X 

i 

Data BUs T>i-sta!cd 

i 

1 

0 

I i 

0 

Illegal Condition 

X 

X 

1. 

: t 

a 

Data Bus Tfi-stalad 


Table 12.1 Pori and register select signals summary 


12.3 Block 0 Sag ram 

Pag. 12,2 shows the internal block diagram of 8255A, It consists of data bus buffer, 
control logic and Group A and Group B controls. 



'TIClhE 


trial 


Fig. 12.2 Block diagram of S255A 
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12*3,1 Data Bus Buffer 

Hits bi-state bi-directional buffer is used to interface the internal data bus of 8255 to 
the system data bus. Input or Output instructions executed by the CPU either Read data 
from, or Write data into the buffer. Output data from the CPU to the ports or control 
register, and input data to the CPU from the ports or status register are all passed through 
the buffer. 

12.3.2 Control Logic 

The control logic block accepts control bus signals as well as inputs hum the address 
bus, and issues commands to the individual group control blocks (Group A control and 
Group & control). It issues appropriate enabling signals to access the required data / contra] 
words or status word. The input pirn for the control logic section are described here. 

12.3.3 Group A arid Group B Controls 

Each of the Group A and Group R control blocks receives control words from the CPU 
and issues appropriate commands to the ports associated with it. The Group A control 
block controls Port A and PC 7 - PC 4 while the Group B control block controls Port B and 
PCj-PQ. 

Port A : This has an 8-bit latched and buffered output and an 8-bit input latch. It can 
be programmed in three modes: mode 0, mode 1 and mode Z 

Pori B : This has an 8-bit data I/O latch/buffer and an S-bit data input buffer. It can 

be programmed in mode 0 and mode I. 

Roll C : This has one 8-bii unlatched input buffer and an S-bit output latch/buffer. 

Port C can be separated into two parts and each can be used as control signals 
for ports A and B in the handshake mode. It can be programmed for bit 
set/reset operation. 

12.4 Operation Modes 

12.4.1 Bit Set-Reset (BSR) Mode 

The individual bits of Port C can be set or reset by sending out a single OUT 
instruction to the control register. When Port C is used for con hoi/status operation, this 
feature can be used to set or reset individual bits, 
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12.4.2 I/O Modes 

Mode 6 t Simple input/output 

In this mode, pons A m& B are used as two simple 8-Bit I/O ports and Port C M two 
4-bit ports. Each port (or hall - port, in case of C) can be programmed to feroct$ara as 
simply an input port or an output port The input/output features in Mode 0 ant as 
follows ; 


1. Outputs are latched Z Inputs are buffered not latched. 

3. Ports do not have handshake or interrupt capability. 

Mode 1 : Input/Output with handshake 

hi this mode., input or output data transfer is controlled by handshaking signals. 
Handshaking signals are used to transfer data between devices whose data transfer speeds 

am not same- For example, computer can 
send data to the printer with large speed 
but printer can't accept date and print date 
with this rate So computer has to send 
data with the speed with which printer can 
accept This type of data transfer is 
achieved by using handshaking signals 
aJofigwith date signals. Fig. 12-3 shows data 

transfer between computer and printer 
Fig. 12,1 Data transfer between computer „ - „ 
and printer using handshaking signals u8,n S too****** 



These handshaking signals are used to tell computer whether printer is ready to accept 
the date or not. If printer is ready to accept the data then after sending date on date bus, 
computer uses another handshaking signal (STB] to tell printer that valid data is available 
on the date bus. 

The 8255 mode 1 which supports handshaking has following features. 

1, Two ports (A and B) function as 8-bit I/O ports. They cam be configured either as 
input or output ports- 

2, Each port uses three lines from Fort C as handshake signals. The remaining two 
lines of Port C can be used for simple I/O functions. 

3, Input and output data are latched. 

4, Interrupt logic is supported. 

Mode 2 ; Bi-directional FO data transfer 

This mode allows bi-directional data transfer (transmission and reception) over a single 
8-bit date bus using handshaking signals. This feature is av ail able only in Group A with 
Fort A as the 8-bit bidirectional date bus; and PC j - PCj are used for handshaking 
purpose. In this mode, both inputs and outputs are latched, Due to use of a single 8-bit 
date bus for bi-directional data transfer, the data sent out by foe CPU through Pori A 
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appears cm the bus connecting it to the peripheral,, only when the peripheral requests it. 
The jnetnairiitig lines of Port C Le, PC^-PCj can be used for simple I/O functions- The Port 
B can be programmed in modeQ or in mode 1. When Port B is programmed an mode 1, 
FC^-PCj lines of Port C are used as handshaking signals- 

123 Control Word Formats 

A high cm the RESET pin causes all 24 lines of the three 8-bit ports to be in the input 
mode. All flip-flops are cleared and the interrupts are reset. This condition is maintained 
even after the RESET goes low. The ports of the 825S can then be programmed for any 
other mode by writing a single control word into the control register, when required. 

12.5.1 For Bit SetfReset Mode 

Fig. 12.4 shows bit set/rescl control word format. 



DoCft cira 


BIT SETVRESET 
1 - SET 
0 - RESET 


BIT SELECT 


0 

1 i 

2 

3 

A 

5 

e 

7 


0 

1 

0 

1 

0 

1 

0 

1 

k 

0 

0 

1 

1 

0 

0 

t 

1 


0 

0 

0 

0 

1 

1 

1 

1 

B 3 



BIT SET/RE&ET flag 


0 = ACTIVE 


Fig, 12.4 Bit set/roset control word format 

The eight possible combination* of the states of bits Dj - D t (B 2 Bj B e ) in the 
Set-Reset format (BSK) determine particular bit in rc e - PC 7 being set or reset as per 
status of bit D 0 , A BSK word is to be written for each bit that is to be set or reset, 
example, if bit PC 3 Is to be set and bit PC 4 is to be reset, the appropriate BSR word* 

will have bo be loaded into the control register will be, 0 X X X 0111 and 0 X X X 1 0 0 0, 
re specti vely, where x is don't care. 


17? I 
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The BSE word can also be used for enabling or disabling interrupt signals generated 
by Port C when the 8:255 is programmed tor Mode 1 or 2 operation. This is done by 
setting or resetting the associated bite of the interrupts. This is described in detail in next 
section. 

12.5.2 For I/O Mode 

The mode definition formal: for I/O mode is shown in Fig. 12.5. The control words for 
both, mode definition and Bit Set-Reset are loaded into die same control register, with bit 
Dn used for specifying whether the word loaded into the control register is a mode 
definition word or Bit Set-Reset word. If P 7 is high, the word is taken as a mode 
definition word, and if it is low, it is taken as a Bit Set-Reset word. The appropriate bits 
are set or reset depending on the type of operation desired, and loaded into the control 
register, 



4 

Fig. 12.5 8255 Mode definition format 
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Example 1:2.1 : Write a program to in itialixe #255 in the configuration given below ; 

2, Fort A Simple input 

2. Port B : Simple output 

3. Fort C L : Oafplil 

4. Port Cy ; Input 

Assunte address of the con trof word register of S255 as S3H. 

Solution : 

Source program : 

MVl A, 98H ! 1-Dad control word 

OUT 63H ; Send control word 



IIP# Example 12.2 ‘ Write & program Id maliattee 8255 irt the configuration given Mow : 

1. Fort A : Output with handshake 

2, Fort B : Input with handshake 
.3. Port C L : Output 

4. Port C L , r Input 

Assume address if the control word register of S2S5 os 23H. 

Solution : 
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Source program t 

MVI k f AEH ; Load control word 

OUT 23H ; send control word 

Lai Experiment 62 : Slink ^rt £ in # if mi, 

JtatentHflt : Write a program to blink Fort C bit 0 of One 8255. Assume address of control 
word register of 8255 as 83H. Use Bit Set/Reset mode 

Solution : Control word to make bat 0 high. 



Coplrol word Ed make Bit 0 low 



Flowchart : 



py righted material 

















Microprocflsso r & Microcontroller System 12 -11 


Pr&graimnalile Peripheral 
lnterfaee-B25§ 


Source program : 


BACK 


MV I A, OIB 

f 

Load 

bit pattern to wake 

PC* 

high 

OUT B3K 

f 

Send 

It to 

control word 

register 

CALL DELAY 

r 

Call 

Delay 

subroutine 



mi A, 00H 

i 

Load 

bit pattern to make 

PC* 

Low 

OUT 0-3H 

I 

Send 

it to 

control word 

register 

call as lay 

J 

Call 

Delay 

subroutine 



JMP BACK 


Repeat 





12.6 6255 Programming and Operation 


12,6,1 Programming In Mode o 

The Forts A, b and C can be configured as simple input or output ports by writing the 
appropriate control word in the central ward register, In the control ward, D ? is set to '1' 
(to define m mode set operation) and I\, D 3 and 0 3 are all set to T>' to configure ail the 
ports in Mode 0 operation, The status of bits D if D, and D* then determine (refer to 
Pig, 1X5) whether the corresponding ports are to be configured m Input or Output, 


For example in mode ft if Fort A and Fort B are to operate as output ports with Fort 
C lower as input and Fort C upper as output the control word that will have to be 
loaded into the control register will be as follows. 



As mentioned earlier, this mode provides simple input and output operations for each 
of the three port®. No handshaking is required, data is simply written to or read from a 
specified port 

Input Mod* : Fig, 12 j 6 shows the timing diagram for mode 0 input mode 



Fig. 1X6 Timing diagram for mode 6 Input mod# 
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After mibaMzafion of 8255 in the input mod# 0, CPU can read data through the input 
port by initiating read command with proper port address., Read command activates RD 
signal. Upon activation of ED signal CPU roads the data from the selected input port into 
the CPU register. 

Output Mode : Fig. 12.7 shows the timing diagram for mode 0 output mode. 

After initialization of 8255 in the output mode 0, CPU can write data into the output 
port by initiating write command with proper port address, CPU sends data on the data, 
bus and upon activation of WR signal, data on the data bus gets latched on the selected 
output port. 


WR 


D r D e 


- 

>CZZXZZI 


CS.AvAq 




Output 


xz 


Fig. 12,7 Timing diagram for mode 0 output mod# 
Mod# 0 Configurations : 


A 

a 

GROUP A 


GROUP B 

Q 4 

D 3 

Di 

Do 


PORT C 
(Upper} 

ti 

PORTS 

PORT G 

(Lower) 

0 

Q 

0 

0 

OUTPUT 

OUTPUT 


OUTPUT 

OUTPUT 

0 

0 

0 

1 

OUTPUT 

OUTPUT 

1 

OUTPUT 

’ || 

0 

■' I 

i 

0 

OUTPUT 

OUTPUT 

2 

INPUT 

OUTPUT 

0 


1 

1 

OUTPUT 

OUTPUT 
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INPUT 

INPUT 

0 

1 

0 

mm 

OUTPUT 
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OUTPUT 

OUTPUT 

0 

1 

0 

1 

OUTPUT 

INPUT 

5 

OUTPUT 

INPUT 

0 

1 

1 

0 


INPUT 

6 



0 

1 

1 

1 

OUTPUT 

INPUT 

f 

INPUT 
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1 > 1 1 

■ 1 

0 

0 I 

0 

INPUT 

OUTPUT 

a 

OUTPUT 

OUTPUT 

1 

0 

0 

1 


OUTPUT 

9 


INPUT 

1 

0 

1 

0 

1 

OUTPUT 


INPUT 

output 

1 

Q 

1 


M 

OUTPUT 

11 


INPUT 

1 

1 


1 


input 

12 

OUTPUT 

OUTPUT 

1 

1 

— 



INPUT 

mm 



1 

t 

1 

D i 


INPUT 

14 

INPUT 

OUTPUT 

1 

1 

1 

1 


INPUT 

IS 

INPUT 

INPUT 


12.6.2 Programming In Mod© 1 {Input f Output with Handshake) 

Both Group A and Group B can operate in Mode 1, either together,, or individually, 
with each port containing an 8-bit latched Input or Output data port and a 4-hit port 
which is used for control and status of the B-blt port. 

When Port A is to be programmed as an input port, PC 3 , PC 4 and PC, are used for 
control, PC* and PC 7 are not used and can be Input or Output, as programmed by bit Dj 
of ‘the control word- When Port A is programmed as an output port, PC* , PC 6 , and PC 7 
are used for control and PC* and PC 5 can be Input or Output, as programmed by bit Dj, 
of the control word. 

When port B is to be programmed as an input or output port, PC #1 PC, and PC 3 are 
used for control 

Mode 1 Input control signals : 

1. STB [Strobe Input) : This is an active low input signal for 8255 and output signal for 
die input device. The input device activates this signal to indicate CPU that the data to be 
read is already sent on the port lines of 8255 port. Upon activation off (his signal 8255 
loads the data from the input port lines into the input buffer of that port, 

2 . IBF {Input Buffer Full) : This is an active high output signal for 8 255 a nd an input 
signal for input device. This signal is generated, by 8255 in response to STB signal as an 
acknowledgment to input device. It also indicates to (he input device that the input buffer 
is full and it is not ready to accept next byte from the input device. Therefore input device 
sends data on the port lines only when IBF signal is not active- The IBF Signal is 
deactivated when CPU reads the data from input buffer of the respective port by 
activation of ED signal. 

3. (NTR (Interrupt Request} : This is an active high output signal generated by 8255. A 
lugh' ran this output can be used to interrupt the CPU when an input device is requesting, 
service. The 8255 sets tire JNTK when STB signal is 'one', IBF signal is 'one 1 and INTE is 
'one', indicating CPI T that the data from the input device Is available in (he input buffer. 

Copyrighted mi 
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This signal is reset by the falling edge of the RD signal i e- immediately after reading die 
data ten the input buffer, 

INTE (Interrupt Enable) flip Hop is used to enable or disable INTO (Interrupt request) 
signal If INTE flip-flop is set, the interrupt request is generated depending cm the status of 
STB and 16F signals. If INTE flip Hop is reset, the interrupt request Is not generated, 
allowing masking facility for the intermpt- 

Modfl 1 ; Port A Input operation 

Pig, 12.8 (a) shows Port A as an input port along with the control word fund control 
signals (for handshaking with a peripheral). When the control word (as in Fig. 12.8 (a)) is 
loaded bite the control register. Group A is configured in Mode 1 with Fort A as an input 
pent Fort A can accept parallel data From a peripheral (like a keyboard) and this data can 
be read by the CPU. The peripheral Erst loads data into Fori by making the STB A input 
low. This latches the data placed by the peripheral on the cmcmonri data bus into Port A + 
Fort A acknowledges reception of data by making IBF A (Input Buffer Full) high, 1BF A is 
set when the blti A input is made low, as shown in Fig, 12-8 (b). 

£ 

1NTR A is an active high output signal which can be used to interrupt the GPU so that 


MODE 1 (PORT A) 



the CPU can suspend its current operation and read the data written into Port A by the 
peripheral. INTR A am be enabled or disabled by the INTE A flip-flop which ^ .controlled 
by Sit Set-Beset operation of PC*. INTO A is set (if enabled by setting the INTE A flip-flop) 
after die STB A has gone high again, and if 1BF A is high. 

Oft receipt of the ifiiOTupt, the GPU can be forced to read Fori. A. The felling edge of 
(he RD input reads IBFa and it goes low. This can be used to indicate to the peripheral 
feat the input buffer is empty and that data can again be loaded into it. 
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Fig. 12.8 (b) Timing diagram for port A In mods 1 
Mode 1 : Port, B input operation. 

Fig. 12.9 shows Fort B as an input port (when m Mode 1). The timing diagram and 
operation of Port B is similar to that of Bart A except that it uses different hits of Fort C 
for control, INTE B is controlled by lit Set/Reset of FC : . 

If the CPU is busy with other system operations, it can read data from the input port 
when lit is interrupted. This is often called Interrupt driven I/O. However, if the CTO is 
otherwise not busy with other jobs, it can continuously poll (read) the status word to 


MQOE 1(P0 RIB) 



Tiqh- 


mater i 


Fig. 12,8 Fort B in mode % 
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check for an IBF^ . This is often called Program Controlled I/O. The status word is 
accessed by reading Fort C (A , A n must be 10, RD and CS must be low). The status word 
format when Forts A and B are input ports in Mode 1, is shown in Fig. 12.10. 

INPUT CONFIGURATION 


t>T 



04 

d 3 


□ 1 


I/O 

I/O 

I8F* 

!WTE a 

INTR* 

INTEg 

<bf b 

INTR b 


_1 


GROUP A GROUP & 

F)g* 11,10 Mode 1 status word (Input) 

Mods 1 : Output control signals 

1, OlF (Output Buffer Full) ; 

This is an active low output signal for 8255 and. input signal for the output device. The 
8255 activates this signal to indicate output device that date is available on the output 
port Upon activation of OBF signal,, output device reads data from the output port and 
acknowledges it by ACK. signal The OBF signal is activated at the rising edge of the WR 
signal and deactivated at the falling edge of the ACK signal, 

2, ACK (Acknowledge input) : 

This is an active low Input signal for 8255 and output signal for the output device. The 
output device generates this signal to indicate 8255 that the data from port A or Fort 1 has 
been accepted, 

3, INTR (Interrupt Request) : 

This is an active high output signal generated by 8255. A 'high' on this output can be 
used to interrupt the CPU when an output device has accepted data transmitted by the 
CPU, The 8255 sets the INTR when ACK signal is 'one'., OBF is 'one' and INTE is 'one', 
indicating that the output device is ready to accept ne*t data byte. This signal Is reset by 
the falling edge of the WR signal i.e. immediately after sending the data to the output 
port. 

JNTE (Interrupt Enable) flip flop is used to enable or disable INTO (Interrupt Request) 
signal. If INTE flip flop is set the interrupt request is generated depending on the status 
of ACK and OBF signals. If INTE flip flop is reset the interrupt request is not generated, 
allowing masking facility for the interrupt 

Mode 1 : Port A output operation. 

Fig. 12.11 (a) shows Port A configured as an output port (when in Mode 1) along with 
the control word and control signals (for handshaking with a peripheral). When the control 
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word (as in Fig, 12.11 (a)) is loaded into the control register. Group A is configured in 
Mode 1 with Fort A as an output port. Hie CPU can send data to a peripheral (like a 
display device) through Fort A of the 8255, 

the OBF a output (Output Buffer Full) goes low on the rising edge of die WR signed 
(when the CPU writes data into the 8255), The OBF A output fitutt 8255 can be used as a 

strobe input to the peripheral to latch the contents, of Port A. The peripheral responds to 

* 

MOTE 1 {PORT A} 



Fig. 12.11 (a) Port A in mode 1 



DATA 

OUTPUT 


ON 



PVPA 


Fig, 12.11 (b) Port A En mode 1 (Output) 





Programmable Peripheral 

Microprocessor & Microcontroller System 12-It =« " lnterfaco-€255 

the receipt of data by making the ACK A input of the 025$ low, thus acknowledging that it 
has received the data sent by the CPU through Port A. The ACK a low sets the OBF A 
signal, which an be polled by the CPU through OBF A of the status word to load the next 
data when it: is high again, 

1MTR a is an active high output of die 8255 which is made high (if the associated 
JNTE a flip-flop is set) when ACIC a is made high again by the peripheral^ and when OBF a 
goes high again (see timing diagram in Fig, 12.11(b)), It can be used to interrupt the CPU 
whenever the output buffer is empty. It is reset by die' falling edge of WR when the CPU 
writes data onto Port A. It can be enabled or disabled by writing a T or a r Q p respectively 
to PC* in the BSR mode. 

Mode 1 : Port B output operation. 

Fig. 12.12 shows Port B as an output port when in Mode h The operation of Port B is 
similar to that of Port A- 1NTR A is controlled] by writing a 1 # or a 'O' to FC 2 in the IBS 
mode, 'The status word is accessed by issuing a Read to Port - C. The format of the status 
word when Ports A and B are Output ports in Mode 1 is shown in Fig,. 12,13. 


MODE 1(POftT 6} 
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Fig. 12.11 Port B In mode 1 (Output) 
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h 


D& 

t>4 

D S 

D t 

0, 


o@f a 

intb a 

\to 

I/O 

INTR* 

[NT&b 

OSF b 

INTRr 





T 


GROUP A GROUP & 

Fig, 12.13 Mode 1 statue word (Output) 

12.6.3 Programming In Mode 2 {Strobes Bi-directional Bus \UO) 

When the 8255 is operated in Mode 2 (by loading the appropriate control word). Port 
A can be used as a bi-directional 8-bit I/O bus using lor handshaking. Port B can be 
programmed in Mode 0 or in. Mode 1. When Pert B Is programmed in mode 1, PC 0 »FC a 
lines of Fort C are used as handshaking signals. 

Pig. 12.14 shows the control word that should be loaded into the control port to 
configure 3255 in Mode 2. 


D t Pa B 5 D 4 D 3 D 2 D 1 D 0 



Fig. 12.14 Mod* 2 control word 


Mod* 2 l Control signals 

IMTR (Interrupt Request) : A 'high" on this output can be used to interrupt the CPU 
fat input or output operation#. 

Output Control Signals : 

OBF a (Output Buffer Full) 

This is an active low output which indicates that the CPU has written data, into 
Port A, 


f riqh:e 


aterial 
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ACK a (Acknowledge) 

This is an active low input signal {generated by the peripheral) which enables the 
bi-state output buffer of Port A and makes Port A data available to the peripheral h 
Mode % Port A outputs are in tri-state until enabled. 

1NTTE 1 

This is the flip-flop associated with Output Buffer Full. INTI 1 can be used to enable 
or disable the interrupt by setting or resetting PC 6 in the BSK Mode. 

Input Control Signals : 

STB {Strobe Input) 

This is an active low input signal which enables Port A to latch the data available at 
its input 

I8F {Input Buffer Full Fip*Flop) 

This is an active high output which indicates that data has been loaded into the input 
latch of Fort A. 

INTE 2 

This is -an Interrupt enable flip-flop associated with Input Buffer Puli, It can be 
controlled by setting or resetting PC 9 in the BSE Mode. 

Mode 2 ; Port A operation. 

Fig. 12.15 shows Port A and associated control signals when 8255 is in Mode 2. 
Interrupts are generated 'for both output end input operations on the same INTR A (PC 3 ) 
line. 



Fig, 12,15 Mode 2 operation 
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Status Word in Mode 2 

The status word for Mode 2 (accessed by reading Port C) is shown in Fig, 12,1?. 
Dy - D 3 of the statue word cany information about GBFa t INTEj * IBF A , 1NTE Z . INTR A ■ 
Hie status of the bits D 2 -D 0 depends on the mode setting of Group B, If B is programmed 
in Mode II, Dj-Dj are the same as PCi-PCq (simple I/O); however if B is In Mode 1/ Dj‘D # 
carry information about the control signals for Fort B (as- in Fig, 1.2,10,,- or Fig, 12,13), 
depending upon whether Port B is an Input port or Output port respectively. 

Data ffcm 



Fig, 12,16 Mode 2 waveform 
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1NTE 1 
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INTE Z 
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Ffg. 12J 7 Status word for mode 2 
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Made Definition Summary 


PAfc 

PA, 

PAg 

K ■ 

PAg 

PA» | 
pa 7 

MODE 0 

IN 

OUT 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

OUT 

OUT 

OUT | 

OUT 

OUT 

OUT 

OUT 

OUT 

■ 


MODE 0 


IN 

OUT 

P0Q 

IN 

OUT 

PS, 

IN 

OUT 

PS, 

IN 

OUT 

pb 3 

IN 

OUT ; 

P&4 

IN 

OUT 

pb 5 

IN 

OUT 

pe; 

IN 

OUT 

™7 

IN 

OUT 

pc 0 

IN 

OUT 

PC, 

IN 

OUT 

PC 2 

IN 

OUT 

PCg 

9N 

GUT 

PC 4 

IN 

OUT 

PCs 

IN 

OUT 

PCfi 

m 

OUT 

PC? 

IN 

OUT 


MODE 1 

IN 

OUT 

EN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

EN 

OUT 

»N 

OUT 

IN 

OUT 

IN 

OUT 

| MODE 1 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

9N 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

INTRg 

INTRo 

IBFn 

STg, 

INTlC 

OBF 0 

ASK* 

iNTlC 

stb£ 

UO 

no 

UO 

AGK a 

oapj 


MODE 2 


GROUP A ONLY 


44 

44 

44 


44 


MODI 2 


GROUP A ONLY 


L'Q 

I/O 

I/O 

INTR* 
stbjT 
IBF 


orfT 


Mode 0 
or 

Mode i 
Only 


12.7 Interfacing 8255 in I/O Mapped I/O 

Fig. 1218 shows the interfacing of 8255 with BOSS In I/O mapped I/O technique- Here 
RD and WR signals are activated when IG/M signal is high, indicating I/O bus cycle. 
Reset out signal from 8085 is connected to the RESET signal of the 82S5. 
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Fig. 12.11 Irtttrfodng of 8255 In VO mapped VO 


HO Map : 


Ports I Control Register 



Address Linos 



Address 


% 

% A 4 

A 3 Aa 

Al 

a g 


Port A 

o 

0 
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0 

0 

0 

OOH 

Port B 

0 

0 

0 

c 

0 

0 

0 

1 

01H 

Port C 
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0 

0 

1 

0 

QZH 

ConbrJ Raptor 

0 

0 

0 

0 

0 

0 

1 

1. 

03H 


12 M Interfacing 0255 in Memory Mapped I/O 

Kg. 1219 shows (he interfadng of 8255 with 8085 in memory mapped I/O technwjue 
Hem RD and WR signals arc activated when lO/M signal is law, indicating tnemory bus 
cyde. To get absolute address, all remaining address lines (Ajj, - An) arc used to decode 
the address far 8355. Other signal connections are same an in I/O mapped I/O. 


'TIQhE 


material 




i; 

Microprocessor & Microcontrol lor System 12 * 24 


Programmahia Peripheral 
Interface-1255 



Fig. 12.19 Interfacing S255 in memory mapped I/O 


I/O Map : 


Ports/Control 

Address Lines 

Address 

ftogliter 

A t5 

A t4 

A I3 

A 12 

A 11 

*1 

0 

*8 


A, 

As 

A fi 

A* 

A* 

— 

A Z 

A 1 

Aj 


Port A 

0 

G 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 

00OOH 

Pan & 

0 

0 | 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

t 

0M1H 

Port C 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

1 

0 

□M2H 

Control Register 

0 

0 

" 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

o 

0 

f 

i 

TOHH 


Lab Experiment 63 : Hsrltfir* »4 isifriHra ht ffttliig t£Di H 

Sfafesieef : Design a system that Mil cause 4 LEDs to flash 10 times when a push button 
switch is pressed. Use 3255, Assume persistence of vision to be 0.1 seconds. 

Hardware : Fig. 12.20 shows the interfacing scheme. In this scheme the LEDs axe 
connected to port C In sinking mode. Thus when port C pin is low LED is ON and what 
Port C pin. is high LED is OFF, Port A pin 0 is used to read status of push button switch* 
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Software : 

Program 

LXI 5P, 2000H j 
MVI A, 90 B 
OUT CR f 

BACK E IN PA 

ANI 01 ; 

JNZ BACK t 

mi B, 0AH 

ACAIN + MVI hr 0DH r 

OUT PC 
CALL Delay 
MVI ft FFH 

OUT PC ; 

CALL Delay ; 

DCR B j 

•JNZ AGAIN f 

JMP BACK 


initialise atask pointer 

Initialize 8255 
[Read status 
of push 
button] 

initialise counter 

Load data to light LCDs 

Send data on port c 

Call. Delay of 0,1 sec 

Load data to switch off LEDs 

Send data on port C 

Call Delay of 0,1 sec 

Decrement count 

if not seen repeat 

Jump back to read status 
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Review Questions 

2, Dsecmss the organization stud architecture of 8255 programmable peripheral interface 1C with d 
funcUom! Week diagram, 

2, fttustmti the different modes of opemtim of 3255, 

5, Exptem the cm-trcl wont formation with mutable example?- 

4- Drew the interfacing scheme of $25$ md £T0$5 in I/O mapped t/Q mode. 

5, Draw the interfacing scheme 0 8255 and S&85 eft memory mapped. 1/0 mode, 

& Explain the Wf tetfrtsei mode of 8255- 

7. Write a program- in assembly language using 8255 to generate a square wmx of 3 MHz frequency. 

S. An #255' is used with Port 4 as outputj Pari B as input and with Port C used frrr handshaking far 
Port A end Port B. The $255 & emMed when A to A 3 is 00U01XX, 

§ Write the instruction sequence to program the 8255 frrr this made of operation. 
ffj Write the format sf the sMus word obtained if PORT C k readl 
Hi) Draw the scheme of eonn «<ion required- 


□ □□ 
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Interfacing to External World 



13.1 Introduction 

toy application of a micrecorttfoller 'based system requires die transfer of data 
between external circuitry to fire microcontroller and micromn trailer to the external 
circuitry. User can give information to the microcontroller using keyboard and user can see 
the result ©r output information from the microcontroller with the help of display device. 
The transfer of date between keyboard and microcontroller, and microcontroller and 
display device is called input/ouput data transfer or I/O date transfer. 

We have seen that @051 has internal data and code memory with limited memory 
capacity* This memory capacity may not be sufficient for some applications* Irt such 
situations, we have to connect external ROM/EPROM and RAM to @051 microcontroller to 
increase the memory capacity* 

In this chapter, we are going to study the accessing of date from external world and 
code memory and interfacing of input and ouptut devices to the SCSI microcontroller, 

13.2 External RAM and ROM 

We know that ROM is used as a program memory ami RAM is used as a data 
memory. Let us sec how 8051 accesses those memories. 

13.2.1 Program Memory 

Fig. 13.1 shows a map of the 805! program memory. 



Fig, 13,1 The 8051 program memory 
C11 - ij 
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In. 8051, when the' EA pin is connected to 'V cc , program fetches to add reuses QOOOH 
through OFFFH are directed to the internal ROM and pro gram fetches to addresses 1QD0H 
through FFFFH are directed to external ROM/EPROM- On the other hand wheat EA pin is 
grounded, ail addresses (0000H to FFFFH) fetched by program are directed to the external 
RCM/EPROM. The PSEN signal is used to activate output enable signal of the external 
ROM /EPROM, as shown in the Fig. 13-2- 



Fig, 13,2 Accessing extomal program memory 

As shown in the Fig, 13.2, the port 0 is used as a multiplexed address /bus. It gives 
lower order 8-bit address in the initial T-cycle and later it is used as a data bus.The B-bit 
address Is latched using external latch and ALE signal generated by 8051. The port 2 
provides the higher order 8*bit address. Fig. 13.3 shows the timing waveforms for external 
program memory read cycle. 
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PSEN 
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D< 


A.-A, 
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Rfl* 13.3 Timing waveforms for fixtemal program memory read cycle 
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The lower part of program memory stores the vector addresses for various interrupt 
service routines. Fig. 13,4 shows the vector address map. Each interrupt is assigned with a 
fixed location in program memory. For example,, external interrupt 0 is assigned to location 
0003H, The interrupt service locations are spaced at 8-byte intervals such as Q0Q3H for 
External Interrupt 0, OOOBH for Timer 0, Q0I3H for External interrupt 1, 001BH for Timerl, 
etc. If interrupt is going to be used, its service routine must begin at corresponding 
location. If the interrupt is not going to be used, its service location is available as general 
purpose program memory. 



DQ33H 

GCI28H 

(X323H 

(WISH 

0013H 

0008H 

Q009H 

QOODH 


~ J~ ~ 8 Bytes 


Fig, 13,4 IntorruplAfodor locations In the lower part of program memory 


Instructions to Access External ROM i Program Memory 


The Table 13,1 explains the instructions to access external ROM/program memory. 


Mnemonic 

Operation 

MOVC At @ A + OPTR 

Copy tha canbenfls of tha external ROM address 
formed by adding A ini tha DPTR, to A. 

MOVC A, ffi A + PC 

Copy the ewitanto of the external ROM addnu 
formed by addding A and the PC, Id A. 


Table 13.1 


13.2.2 Data Memory 

Fig. 13,5 shows a map of the 8051 data memory 

The SCSI can address uplo 64 kbytes of external data memory. The "MOVX" 
instruction is used to access the external data memory. The internal data memory space for 
8051 is divided into three blocks : Lower 128 bytes, Upper 128 bytes and SFRs. The upper 
addresses and SFRs occupy the same block of address space, BOH through FFH, although 
they am physically separate entities- As shown in the Fig. 135, the upper address space is 
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Internal fnemoiy 


FFH 


Upper 

12$ 

saw 

?FH 

Lower 

121 


0 


,[_SFpsl 


+ 

+ 

I Accessible by 
■ irtdBract 

I addressing 
; only 

+ 

Accessible by 

direct 

addressing 

Accessible by 
direct £ indirect 
.^dressing 




FFFFH 


+-AND-+ 


0000H 


84 kbytes 
external 
memory 


Fig. 13.5 A map of the 8051 data memory 

accessible by indirect addressing only and SFKs are accessible by direct addressing only. 
On the other hand, lower address spam can be amassed either by direct addressing or by 
indirect addressing. 



Fig. 13.6 Appasslng external data memory 


Fig. 13.4 shows the circuit diagram for connecting external data memory. Hie 
multiplexed address/data bus provided by port 0 is demultiplexed by external Latch and 
ALE stgnaL Fort 2 gfvra the higher order address bus. The ED and WR signals from 6051 
selects the memory read and memory write operation, respectively. 
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Fig, 13,7 (a) and (b) show the timing waveforms for external data memory f@ad and 
write cycles, respectively. 
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PORTO 
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Aq-Aj 



FROM Rl OR DPL 





8K5TR 
IN 


PROM PCI 


PORT 2 


X 


PZ.O-P2.7 OR.A a -A 15 FROM DPH 




A, s FROM PtH 


Fig. 13 7 (a) Timing waveforms for external data memory read cycle 
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X 
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A 1S FROM PCH 


Fig, 13,7 (b) Timing waveforms for external data memory write cycle 
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Instructions to Accsss Externa! Data Memory 

The Table 13-2 expiate the tetedtan to access external data memory. 


Mnemonic 

Operation 

MOVX A, 

Copy the contents of the external address 
in Rp te A 

MOVX A @OPTH 

Copy fie contents Pf the external address 
in DPTR to A 

MOVX @ Rp, A 

Copy fata from A to the external ad dress 
in Rp. 

MOVX HDFTR, A 

Copy date from A to fie external address 
in DPTR. ; 


Table 13-2 


13.2.3 Important Points to Remember In Accessing External Memory 

* AM external data moves with external ROM or external RAM involve the A 
register, 

* While accessing external memory, Rp can address 256 bytes and DPTR can 
address 64 kbyte. 

* MOVX instruction is used to access external RAM or I/O addresses. 

* When PC is used to access external ROM, it is incremented by 1 (to point to the 
next instruction) before it is added to A to form the physical address of external 
ROM. 

13.2.4 Memory Interfacing 

We know that read/wrife memories consist of an array of registers, in which each 
register has unique address. The siac of the memory n N x M a? shown in Fig, 13.8 (a) 
where M is the number of registers and M is the word length, in number of bits. 
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Fig. 13,8 


For Example [ If memory 1 $ having 12 addrtsji lines and 8 dale Iitujih, then 

Number of r e gi ster s / m emory locations = 2 H =2 12 — 4096. 

Word length = Mbit - 8-bit . 

For Example ; If memory has 8192 memory locations., then it has 13 address lines. 

The' Table 13.3 summarizes the memory capacity and address lines required for 

memory interfacing. 


Memory Capacity 

Address Lines Required 

1 K. ■ 1024 memory toceUons 

10 

i 2K = 2048 memory locations 

11 

IK* 4096 memory 1es*!»r» 

12 

6 K - 0192 memory locatlont 

13 

16 K = 16384 mamary tocalionr 

14 

32 K - 32708 memory locations 

13 

64 K ■ 85S3® memory locations 

16 


Table 13,3 

As shown in die Fig, 13.8 (a) memory chip has II address lines A^-A^ one chip select 
(CS )> and two control lines. Read 1 RD ) to enable output buffer and write (WR) to enable 
the input buffer. Hie internal decoder is used to decode the- address lines. Fig. 13.B (b) 
shows tile logic diagram of a typical EPROM (Erasable Programmable Read Only Memory) 
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with 45396 (4 K) registers. It has 12 address Hoes Au-Aq, one chip select ( CS ), one read 
control signal. Since EPROM Is a read only memory, it does not require the ( WR } signal' 

The memory interfacing requires to : 

* Select the chip, 

* Identify the register. 

* Enable die appropria te buffer, 

Miot^noessK'/nknoontroUer system includes memory devices and I/O devices. It is 
important to note that microprocessor can communicate (read/write) with only one device 
at a time, since the data, address and control buses are common for all the devices. In 
order to communicate with memory or I/O devices, it is necessary to decode the address 
from the microprocessor/microcontroller, The following section describes common address 
decoding techniques. 

Address Decoding Techniques : 

* Absolute decoding/Full decoding 

* linear d ec odtng / Partial decoding 

Absolute decoding 

In absolute decoding technique, all the higher address lines are decoded to select the 
memory chip, and die memory chip is selected only for the specified logic levels cm these 
high-order address lines; no other logic levels can select the chip. Fig, 13,9 shows the 
memory Interface with absolute decoding. This addressing technique Is normally used in 
large memory systems, 

Memory Map 


Memory 1C* 

A 1« 

*14 

*13 

H 

*11 

*1D 

*9 

*8 

*7 

H 

D 

D 

B 

*2 

B 

*0 

Address 

Starting address of 
EPROM 

B 



B 


B 

1 

H 

B 

B 

B 

1 

B 

B 

B 

B 

H 

End address of 
EPROM 

B 



0 



1 

B 

B 

1 

% 

B 

B 

1 

1 

1 

OJFFH 

Starling address, at 
RAM 

B 

B 

B 

B 


B 

0 


B 

B 

B 

B 

B 

B 

B 


2CKIDH 

End address Of RAM 




D 


D 

D 

n 

n 

1 

1 

nr 

1 

1 

1 

1 

23FFH 


Table 13,4 
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A 1Z A 11 


Fig. 13J Absolute decoding technique 


Linear decoding 

In small system^ hardware for the decoding logic can be eliminated by using 
individual high-order address lines to select memory chips. This is referred to as linear 
decoding. Fig. 13,10 shows the addressing of RAM with linear decoding technique- This 
technique is also called partial decoding. It reduces the cost of decoding circuit but it has 
a drawback of multiple addresses (shadow addresses). 

Fig. 13.10 shows die addressing of RAM with linear decoding technique. a 15 address 
line, is directly connected to the chip select signal of EPROM and after invasion; It is 
connected to the chip select signal of the RAM. Therefore, when the status of A 15 line is 
"zero', EPROM gets selected and when the status of A lS line is 'one' RAM gets selected. 
The stehis of the other address lines is not considered, since those address lines are not 
used fox generation of chip select .signals, 
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■raj 

WR 

P5ER 


A 9 Ag Aj-Aq OE 


P:pD# Ag, Ag A^Aq OE WR 

EPROM (1 K) 


RAM(1 K) 

VS 


VS 


A, 5 ► 


t>- 


Fig. 13,10 Linear decoding 


Memory Map : 


Ktamaiy ICn 

*15 

*14 

*13 

*1! 

*11 

*ie 

*t 

*t 

*T 

*1 

*S 

*4 

As 

A? 

*i 

A§ 

AddrnM 

Starting address at EPROM 

0 

X 

X 

X 

X 

X 

0 

0' 

0 

0 

0 

0 

0 

0 

0 

0 

0000H 

End address of EPROM 

0 

X 

X 

X 

X 

x 

1 

1 

1 

1 

1 

1 

t 

1 

1 

1 

«FFH 

Scaring sddnwi of RAM 

1 

X 

X 

X 

X 

X 

0 

a 

0 

e 

0 

0 

0 

0 

0 

o 

BOOOH 

End address uf RAM 

1 

X 

X 

X 

X 

X 

1 

1 

1 

1 

1 

1 

1 

i 

1. 

1! 

&3FFH 


Table 13.5 


13.2.5 Interfacing Example 

9W# Example 13.1 : Grw the complete: block schematic of an SCSI lasetf system having 
following specifications. 

64 kB of program memory. 

64 kB of data memory. 

Make use of 16 K x 8 bit mmrniy chips and 74 LS 138 decoders. 

Indicate dearly, ike addresses selected for the memory chips. 


py righted material 
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Memory Map : 


Mamory 

Au 

Am 

A34 

Ajj 

Ay 

A » 

Ajj 

A, 

A? 

A* 

A| 

A| 

Aj 

A] 

A| 

A# 

Add ms 

EPROM 1 Start 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0, 

0 

00Q0H 

EPROM1 End 

Q 

0 

1 

i 

1 

1 

1 

1 

1 

t 

1 

1 

1 

1 

1 

1 

3PEEM 

£ PROM 2 Start 

0 

1 

0 

0 

0 

0 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4000H 

£ PRO M2 End 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

7FFFH 

EPKQM3 Start 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

eoooH 

EPROMS End 

1 

0 

1i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

t 

1 

EFFFH 

EPROM4 Start 

1 

1 

0 

0 

0 

0 

c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C0OOH 

EPR0M4 End 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

FFFFH 

RAMI Start 

— 

0 

0 

0 

0 

0 

0 

0 

0 

0'l 

0 

0 

0 

0 

0 

0 

0 

00O0H 

RAMI End 

0 

0 

1 

1 

t 

1 

1 

t 

1 ; 

1 

t 

1 

1 

1 

1 

1 

3FFFH 

RAM2 Start 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4D00H 1 

RAM2 End 

Q 

, 1 

1 

; 1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

i 

7FFFH 

RAM3 Start 

1 

0 

3 

0 

0 

□ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

soooh 

RAM3 End 

1 

0 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

BFPFH 

RAM4 Start 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

COOOH 

RAM4 End 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1! 

1 

1 

1 

FFFFH 


Tabic 1&§ 


13.3 8051 I/O Expansion using 8255 

As seen earlier, for interfacing external memory to the 8051, port 0 and port 2 are used 
as multiplexed address/data bus and a higher order address bus respectively. If the circuit 
needs the on chip peripherals (e.g. serial I/O and Interrupts) then only i port is available 
lor I/O. In such situations, I/O expansion is necessary and it b achieved by using 8255- 
The Fig- 13-12 ghOWS die expanded I/O ports using 8255. Data bus of 8255 is connected to 
the port 0. Address lines Ag and A p after latches are connected to A Q , and Ai erf the 8255. 
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Fig. 13.12 I/O expansion using S255 


114 Interfacing Keyboard 

For interfacing keyboard to die miaMproccssor/microcontrollcr based systems, usually 
push button keys are used. These push button keys when pressed, bounces 4 few times, 
dosing and opening the contacts before providing a steady reading, as shown in the 
F^g. 1313. Reading taken during bouncing period may be faulty. Therefore, 
mi < r i^ j rt >o cssor/mi cro<\mti tiIler must wait until the key reach to a steady state, this is 
loiown as key debonnet. 

The prcMem of key bounce can be eUmbiated using key debounce technique,' either 
hardware or software. 
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Loflfe 1 Logie 1 


A/ \ loflifcp A n 

Key Key 

pressed pressed 


Fig* 13.13 Bouncing of key switch 
13,4.1 Key Debounce using Hardware 


F 

p. l 


Key position 

■ 

b 

Y 

c 

d 

Y 

A 

0 

0 

t 

1 

1 

G 

B 

1 

1 

G 

0 

G 

1 

Between A and i 

1 

V 

No change 

Y 

1 

Me change 


Table 13.7 

Pig, 13,14 shows the circuit diagram of key cteboumce. It consists of flip-flop. The 
output of flip-flop shown in Fig. 13-14 is logic I when key is at position A {impressed) and 
it Is lope 0 when key is at position B, as shown in Table 13.7, It is important to note that, 
when key is in between A and B, output does not change, preventing bouncing of key 
output !h other words we can say that output does not change during transition period, 
eliminating key debouncing. 
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13A2 Key Debouncing using Software 

In die- software technique, when a key press is found, 
cndcropixtcessor/ mi crocontroll e r waits for a tie as t 10 ms before it accepts toe key as 
Input This 10 bis period is suflkknt to settle key at steady state, Hg. 1345 shows 
flowchart with key debounce technique. 



Fig. 13.15 Flowchart of key Input with dabounca 

13.4.3 3iifl|»l9 Keyboard Interface 

Hg. 1346 shows simple keyboard interface. 

Here eight keys are individually connected to specific pins of port PI. Each port pin 
gives the status of key connected to that pin. When port pin is logic l, key is open, 
otherwise key is dosed. 
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F|g. 13.16 Simple keyboard interface 

Software routine to get heycode with hey da bounce. 

START t MOV A t Pi ; lead key status 

; check if keys are open 

CJNE A,fFFH,START ; if no, goto start otherwise 

I continue 

PRO : LCftLL DEBOUNCEDELftY ; call debounce delay 

AGAIN : MOV ft, PI ; Read key statu® 

CJNE A, fFFH PRO! ) check if any key is pressed 
LJMP AGAIN ; if rtd, goto AGAIN; Otherwise 

; continue 

PftOl : LC&LL DEBOUNCE_DELAY t call deteounce delay 

MOV A, Pi ; Get key code 

RET J Return frean subroutine 

Tito program reads status of all key® by getting data through PI and compares it with 
FFH to check whether all keys are open- If all keys are open, instruction compare Sets the 
zero Dag, and the program waits for key dcboiuice. After waiting about 10 ms, program 
checks the PI for key press. If key press is found, program waits for another ID ms as a 
key debounce period. After key dehomtee period, program reads the beycode horn FI. 
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Ks 

1 

1 

1 

0 

1 

1 

1 

i 

*6 

1 

1 

0 

1 

1 

1 

1 

i 

k 7 

1 

0 

1 

1 

1 

1 

1 

i 


0 

1 

1 

1 

t 

1 

t 

i 


Table 13. a 


13.4.4 Matrix Keyboard Interface 

In simple keyboard interface one input line is required to interface one key and tlus 
number ml) increase with number of Keys. Therefore, such technique is not suitable when 
it is necessary to interface targe number of To reduce number of connections- keys 

are arranged in Hie matrix form, as shown in the Fig. 13.17. 


Column Cel--7i" Column Column 
3 2 10 


y 


:y 

y 


now j * 1 

y 

y 

\y 

'y 

\ 

now * * 

y 

y 

y 

'y 

i 

y 

\y 

y\ 

\.y 

i 

RijwO - *■ - 

1 

1 






Fig. 13.17 Matrix keyboard 

Fjg. 13.17 shows sixteen, keys arranged in four rows and four columns, When keys are 
open,, row and column do not have any connection. When, a key is pressed, it shorts 
corresponding one row and one column. This matrix keyboard requires eight lines to make 
all the connections instead of the sixteen lines required if the keys are connected 
individually, as shown in Fig. 13.16. Fig. 13,18 shows the interfacing of matrix keyboard. It 
requires two ports : an input port and an output port, Rows are connected to the input 
port referred to as returned lines, and columns are connected to the output port referred to 
as scan lines. We know that, when all keys are open, row and column do not have any 
connection. When any key is pressed it shorts corresponding row and column. If the 
output Hr© of this column Is low, it mate corresponding row line low; otherwise the 
status of row line is high 'Hue key is identified by data sent on flue output port and input 
code received from the input port, The following section explains (he steps required to 
identify pressed key. 
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Fig. 13,11 Matrix keyboard connecflcws 

Check 1 i Whether any key is pressed or not 

1, Make all column lines zero by sending low on all output lines. This activates all 
keys is in tihe keyboard matrix. (Note : When scan lines are logic high, the status 
on the return lines do not change, it will remain logu. high.) 

2, Read the status of return lines. If 'the status of all Ikies is logic high, key is not 
pressed; othewise key is pressed. 

Check 2 : 

1+ Activate keys from any one column by making any one column line zero, 

± .Stead the status of return lines. The zero on any return line indicates key is pressed 
from the corresponding row and selected column- If the status of all 'lines is logic 
high, key is not pressed from that column, 

3, Activate the keys from the next column and repeat 2 and 3 for all columns. 

We will see how matrix keyboard can be connected to the 8051, a single chip 
fniooptocessor/micTTOcontroller, Fig. 13-19 shows due 4x4 matrix keyboard connected to 
the port 1 of S05L 4 lines of port 1 (FI4-F17) are used as a scan fees and remaining # 
lines (P1D-P13) are used as return lines. The algorithm and program for keyboard interface 
is explained In the next section. 







Fig, 13,19 4x4 matrix keyboard connected to port 1 of 8951 
The steps in algorithm are as follows s 

L Initialise FLO, Pl.l, FI .2, Pi,3 as inputs Le write 'V to these pins. 

2. Check if all the keys are released by writing *ff to P1-4-P17 and check If all return 
lines are in state T. If No then wait 

If Yes then go to step 3, 

3, Call debounce 

4 Wait for key closure. Ground all scan tines by writing J <F and then check if atleast 
one of return lines shows 'O' level. 

Key pressed ? No step 4 
Yes stop & ' 

5. Call deb ounce, (allow sufficient time for de bounce) 

6, Is key really pressed ? (Ground all scan lines by writing 'O' and then dink if 
atleast one of the return lines shows 'O' level.) 

No stop 4 

Yes step 7 

7. Find key code and display the key pressed on T-segment display. 

(By grounding one scan line at a time and checking return lines for any one line 
to go to '0 f level. ) 

8, Go to step 1. 
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Program : 


beg z 


org lookup_table address 

db 30h, 31h, 32b“ 33b f 34b, 35h # 3Gb r 31h, 

38b, 39h, 41h r 42b, 43h, 44h, 4 5h, 46b 
org p rogram_s tart addra s s 

ehov PI |0f K ; configure lower 4 lines of port 1 

t as i/p 

mov dptr, |lookup_table_address ; initialise dptr with 

; lookup table addr. 


agai rngv a, PI 

anl a, #0fb 
cjne a, #0fb,aga 
Icall delay 
agal e mov a. Pi 

anl a, tOfh 
ejne a.rfOfh, go 
l j rip agal 

go; Icall delay 


check for key released 

call delay routine for key detooun.ee 


check for key pressed 

call delay routine for key debounce 



IDOV 

a, PI 





anl 

a, tOfh 





c j n e 

a,IOfb, gol 

t 

is key really pressed 



ijrap 

agal 




go!; 

mo? 

rl, t Glh 

f 

initialise counter 1 



JSOV 

rO, #0efh 

M 

store word for column 

selection 


ftlOl? 

r3, #04h 

P 

initialise column counter 

aga3; 

ItlQV 

Fl, rO 

t 

select only 1 column 



JSlOV 

a. Pi 

r 

get the status of return lines 


jnb 

acc t 0,display 

* 

check bit 0 and if it 

is 0 jump 




p 

to display 



inc 

dptr 

p 

increment lookup^table 

pointer 


job 

acc,1,display 

? 

check bit 1 and if it 

is 1 jump 




i* 

to display 



inc 

dptr 

jr 

increment lookup_tatoIe 

pointer 


into 

acc,2,display 

i 

check bit 2 and if it 

is 2 jump 




p 

to display 



inc 

dptr 

r 

increment lookup table 

pointer 


jnb 

acc,3,display 

! 

check bit 3 and if it 

is 3 jump 




f 

to display 



ine 

dptr 

* 

increment lookup table 

pointer 


raov 

a, rd 

f 

get the word for column selection 


rl a 


! 

select next column 



raov 

rO, a 

t 

store word for column 

selection 


djuit 

r3, aga3 

r 

check for last column 


— 

ijflip 

beg 

f 

if key any is not pressed scan 




f 

again 



end 
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13.5 Interfacing Display 

Most of She- miemptociossor/ffldcrocorttfiailef based instruments and machines need to 
display letters of the alphabet and numbers to give directions or data values to users. This 
information can be displayed using CRT, LED or LCD displays. CRT displays ate used 
when a large amount of data, is to be displayed, tit systems where only a small amount of 
data is to be displayed,, simple LED and LCD displays are used, The following sections 
explains you how lo interface these two types of displays to microprocessors/ 
microcontroller. 


13.5.1 LID Displays 

LED displays are available in two very common formate. 7-segment displays and 
5 by 7 dot-ma trix displays. 


Seven-Segment display 



Fig. 13.20 Seven-segment display 


Seven-segment displays are generally 
used as numerical indicators and consists of a 
number of LEDs arranged m seven-segments 
as shown in the Fig. 13.70. 

Any number between 0 and, 9 can, be 
indicated by lighting the appropriate 
tegmenta. 



(5» 


m m (si 

Fig. 13.21 


(3) 


The seven-segrpents are labeled a to g and dot is labelled as h- By forward biasing 
different LED segments,, we can display the digits 0 through 9, For instance, to display % 
we need to light up a, b, c, d„ e, and f. To light up 5, we need segments a, f, p e and d 
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These 7-5eginent displays are of two types i 

* Common anode type 

* Common cathode type 

In common anode, all anodes of LEDs are connected together as shown in Fig. 13.22 (a) 
and in common cathode, all cathodes are connected together, as shown in Fig. 13-22 (b). 



A B e D E F a 


|b) Common anode type 

A A C 0 e F a 



(b) Common cathode type 

Fig. 13.22 Internal diagram of 7-segment LED 
5 fey 7 DOT matrix LEO 

Fig. 13.23 (a) and (b) Show the 5 by 7 dot matrix LED display and its circuit 
connections. 

This display can be used to display number as well as alphabets. 


c < ^ Cz c, c n 



<b) 5 tc 7 dot matrix circuit connections 
Fig. 1W3 


(a) 5 x 7 dot matrix LED display 
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13,5.2 Interfacing LED Displays 
Static Display 

Fig- 13.24 shows a circuit to drive a single, seven-segment, common amide LED 
display. For common anode, when anode is connected to positive supply, a low voltage is 
applied to a cathode to turn it on, Here, BCD to seven-segment decoder, IC 7447 is used to 
apply low voltages at cathodes according to BCD input applied to 7447, To limit the 
current through LED segments resistors are connected in series with the segments. This 
rircuit connection is referred to a$ a static display because current is being passed through 
the display at aH times. 



Fig. 13,24 Circuit for driving single $sven-s#gment LED display 

The value of the resistor in series with the segment can be calculated as follows ; 

We know, V C€ - drop across LED segment - IE. — 0 

Drop across LED segment is nearly 1.5 V. 

A IR - Vn - 1.5 v 
= 5-1.5 V 
= 3-5 V 

Each LED segment requires a current of between 5 and 30 mA to Sight, Let's assume 
that current through LED segment Is 15 mA. 

_ 3.5V 

R = 77 —-r 

15mA 

= 233 Q 

In practice, the voltage drop across the LED and the output of 7447 are not exactly 
predictable and the exact current through the LED is not critical as long as we don't 
exceed its maximum current rating, Therefore, a standard value 220 Q can be used. 

The static display circuits work well for driving just one or two LED digits. However, 
these circuib are not suitable for driving more LED digits, say & digits. When there arc 
more number of digib, the first problem is power consumption. For worst case 
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calculations, assume that all eight digits with all segments are lit. Therefore, worst case 
current required is 

1=8 {digits} X 7 {segment) 

x 15 mA [current per segment) 

- 840 mA 

A second problem of the static approach is that each display digit requires a separate 
BCD lo 7'Segment decoder. 

Multiplexed Display 

To solve the problems of the static display approach, multiplexed display method is 
used. Fig. 13.25 shows the 4 seven-segment displays connected using multiplexed method. 
Here, common anode seven-segment LEDs are used. 

Anodes are connected, to +S V through transistors. Cathodes of aU seven-segments are 
connected in parallel and then to the output of 7447 IC through resistors. Looking at the 
Fig. 13.25, the question may occur in our mind that,"Aren't all of the digits going to 



Fig. 13.25 Sever-segment display 6n multiplexed conneirtiofi 
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display tine same number?" The answer is that they would show the same number only ii 
all the digits are turned on at the same time. However in multiplexed display the segment 
information is sent for all digits on the common lines (output lines of 7447), but only one 
display digit is turned, oft at a time- The FNP transistors connected in series with the 1 
common anode of each digit act as an ON and OFF switch for that digit. Here's how the 
multiplexing process works. 

The BCD Code for digit 1 is first output from port 1, to the 7447. The 7447.. BCD to 
sevens segment decoder outputs the corresponding seven-segment code on the segment bus 
lines- The transistor Q t connected to digit 1 is then turned on by outputting a low to that 
bit of port 3- All of the rest of the bite of port 3 are made high to ensure no other digits 
are turned on. After 2 ms, digit 1 is turned OFF outputting all highs to port 3, The BCD 
code for digit 2 is then output to the port 1, and bit pattern to turn on digit 2 is output on 
port 3, After 2 ms, digit 2 is turned off and the process is repeated for digit 3 and digit 4- 
After completion of turn for each digit, all the digits are hi again in turn. 

With 4 digits and 2 ms per digit we get back to digit 1 every a ms or about 125 times 
a second. This refresh rale is fast enough that, to our eye and due to persistence of vision, 
all digits will appear to be lit all the time, 

In multiplexed -display, the segment current is kept in between 40 mA to 60 mA so 
that they will appear as bright as they would if not multiplexed. Even with this increased 
segment current, multiplexing gives a large saving in power and hardware components. 

»*► Example 13.3 ; interject m 8-bit ?-$egmmt LED dfsp&iy to 3351 through pm 1 and 
port 3 md write an ff-051 asscfflify language program to display message on the display. 

Solution : 

Hardwire 

The Fig, 13.26 shows the multiplexed 3-digir 7-segment LED display connected in 8051 
system using port 1 and port 3. In this drcuit port 1 and port 3 are used as a latclv i-e. 
output port. Port 1 provides the segment data inputs to the display and port 3 provides a 
means of selecting a display position at a tune for multiplexing the displays, Here, instead 
of BCD to seven-segment decoder (IC 7447) transistors are used to drive die LED 
segments. Due to this we can also display HEX characters on the display; however in this 
case we have to send the proper 7-segment code of a particular dig* 1 *■* is to be 
displayed on the port 1. 
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Subroutine to Display Message 


MOV !R0v §®d l initialize counter 

HQV Rl,r #?FH ; load select pattern 

HQV DPTK, #600DH } Starting address of ifiessage to 

f be displayed 
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AGAIN: MOV F3, Rl 

KOTO ft, &UETR 
MOV Pi, A 
J..CAU, DELAY 
MOV ft, Rl 
RR ft 

MOV RL, ft 
INC DFT'R 
DJN2 RQ, AGAIN 
RET 

Note : 


aclset digit 
Get data 
Send data 

Wait for some time 
E Adjust 
ielection 
pattern] 

Incrernent mesa age pointer 

Decrement Rtl and cheek 

if for zero; if not, goto AGAIN 


This subroutine must be called continuously to display the 7-segmexit coded message 
stored in the memory from address 6000B. 


13.6 [interfacing LCD Display 

The liquid crystals are one of the most fascinating materia! systems In nature, having 
properties of liquids as well as of a solid crystal. The terms liquid -crystal refers to Ihe fact 
that these compounds have a crystalline arrangement of molecules, yet they flow like a 
liquid, Liquid crystal displays do not emit or generate light, but rather alter externally 
generated illumination. 'Their ability to modulate light when electrical signal is applied has 
made them very useful in flat panel display technology. 

There are two types of liquid crystal displays (LCDs) according to the theory of 
operation : 1. Dynamic scattering 2. Field effect. 

Fig, 13-27 shows the construction of a typical liquid crystal display. It consists of two 
glass plates with a liquid crystal fluid in between. The back plate is coated with thin 
transparent layer of conductive material, where as front plate has a photoetched 
conductive coaling with seven-segment pattern as shown in Fig, 13,27. 



Front plate 


spy rig hied material 


Fig. 13.27 Liquid crystal display construction 
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In the absence of 'the electrical signal, orientation order Is maintained in the crystal 
allowing light to transmit. This makes LCD display dear. The current through the liquid 
crystal causes orientation order to collapse. The random orientation results scattering of 
light which lights display segment on a dark background. 

Fig. 13.2S shows the circuit for driving LCD seven-segfftertt display using IC 4543B. 


+3 V to 18 V 



Fig. 11.26 Circuit for driving LCD seven segment display using 4543B 

The 4543B BCD to 7-$e£ment latch/decoder/driver is designed for liquid crystal 
displays. Pins A, B, C and D represent BCD inputs with A as a least significant bit (LSB) 
and D as a most significant bit (MSB], Pins a through g are the seven-segment outputs. 
The 4543B has three control terminals : LD (Latch Disable), PH (Phase), and BL (Blank), In 
normal use the LD terminal is held high and BL terminal is tied Low. The state of the PH 
terminal depends on the type of display that is being driven. For driving LCD displays, a 
square wave (about 60 Hz swinging fully between the GND and v oc values) must be 
applied to the phase terminal. 

The display can be blanked by simply driving the BL terminal to the logic high state. 
When the LL) terminal is in its normal high state, BCD inputs are decoded and fed directly 
to the seveu^egm^it output terminals of the IC When the LD terminal is pulled low, the 
BCD input signals that are present at the moment of transition are latched into memory 
and ted to the seven-segment outputs. 
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Now-a-days, many LCD modules are available which have built-in drivers for LCD and 
Interfacing circuitry to interface them to microprocessar/niicroconbroiler systems, These LCD 1 
modules .allow display of characters as well as numbers* They are available in 16 x 2, 20 X 1, 
20 x 2,20 x 4 and 40 x 2 sizes* The first figure represents number of character in each line and! 
second figure represents number of lines the display has. in this section, we see the interfacing 
of 20x2 LCD display module to microprocessor/irdimocontroller system through 8255. In thb 
module the display is organized as two lines, each, of 20 charactos. The module has 14-pins. 
The function of each pin is given in the Table 13.9, 


Pin 

Symbol 

m 

Description 

1 

V SS 

- 

Ground 

2 [ 

tern 

- 

+ 5 V power Supply 

3 

wm 

- 

Used for Mewling LCD contrast 

4 

R3 

i 

Register select input is used to sated either of the 
two available registers- in iha module : Data register 
or oommird register 

When RS ■ 0 Date register is selected. 

When RS ■ 1 Ctemrreirid register is selected. 

6 

row 

i 

Allows tf*e user fo write information to the LCD or 
read information, from it. 

For reading RW ■ 1 and for writing R/W =- G 

S 

E 

a 

This pin it wed fry LCD to latch information 
availabte at rts data pins. 

7-14 i 

DBg-DBy 

VO 

This B-brl data bus is used lo sand Information to the 
LCD of read the contents of the internet registers of 
the LCD, 


Table 13.9 Fin description for LCD module 
Hie Fig, 1330 shows Are interfacing of a 20 diameter x 2 line LCD module with 
8051. A® shown in the Fig- 13.30, the data lines are connected to the port 1 of 8051 
control lines. RS, R/W and E are driven by 3,2, 33 and 3,1 lines of port 3, respectively, 
voltage at Vgg pin is adjusted by a potentiometer to adjust the contrast of the LCD. 


>rw 

■ l J 


righted 


ferial 


?! ? 
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§&$1 


P1.0 

DB 0 

P1.1 

OB 1 

Pi 2 

d& 2 




□b 4 


D&5 

PIS 

pb* 

PI.7 

QBj 


P3.2 


P3.3 


P3,4 


30 character “ 2 line 


LCD 

display 

module 


RS 


RjW 


'cc 


V, 


ss 


fig* 13,30 Interfacing LCD module with 3QS1 


The display can be controlled by Issuing proper commands to the LCD module- The 
Table 13,10 tots die command, available far LCD module. 


Cpmaund 

Command Code 

Description 

RS 

RAV 

i 

dd t 

DB, 

□Vj 

bb 4 

DBj 

DBj 

1 

0 

□w 

dkpky 

■ 

■ 

■ 

a 

■ 

B 

■ 

■ 

B 

1 

Sets. DD RAM address to 0 and 
dears entire display. 

Ketam 

home 


1 

1 

o 

1 

0 


1 

1 

1 

Sets DD RAM address to 0 and 
returns the cursor bo the home 
position. DD RAM contents remain 
unchanged. 

Entry mode 
set 

0 

0 

0 

0 

0 

0 

0 

1 

Id 

1 

s 

Sets cursor move direction and 
specifies ur not to shift tire display. 
These operations are performed 
during date write and read. 

Display 

GN/OEF 

control 

0 

0 

0 

0 

0 

0 

1 

D 

C 

B 

Sets ON/OFF of entire display (DJ, 
cursor ON /OFF (C)* and blink of 
cursor position character (B), 

Cursor and 
display shift 

0 

0 

n 

n 

1 

1 

S/C 

1 

1 

1 

Moves the cursor and shifts the 
display without changing DD RAM 
contents. 


righted 
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Function set 

0 

0 

0 

! 0 

1 

DL 

N 

F 

I - 


Sets interface data length {DL), 
number of display lines l’N) r and 
character font (ft). 

! Set CG 
RAM 

address 

0 

0 

0 

1 

ACG 

:_ 

Sets CG RAM address- CG RAM is 
accessed after this setting. 

Set DD 

RAM 

address 

0 

0 

1 

ADD 

Sets DD RAM address. DD RAM is 
accessed after this setting 

Read busy 
flag and 
address 

□ 

1 

0F 

AC 

Reads busy flag 1'BF) indicating, 
internal operation is being ; 

performed and reads address 
counter contents 

Write data 
to CG or 
DD RAM 

1 

0 

Write data 

Writes date into DD or CG RAM, 

Read date 

fitxa. CG or 
DD RAM 

1 

1 

Read date 

Reads date from DD or CG RAM- 


Table 13,10 List of LCD module commands 


Abbreviations used In die table 


no ram 


daytey date RAM 



CG RAM 


Character generator RAM 



ACG 


CG RAM address 



ADD 


DD RAM address 



AC 


Address counter used few birth DD and CG HAM address 

I/D = 1 

z 

Increment 

1/D-B : 

Decrement 

Wl 


/kcompanks display shift 



S/C = 1 


Display shift 

S/C-0 : 

Curser move 

R/L * 1 


Shift to tight 

R/L = 0 : 

Shift Lu left 

DL = 1 


Sprite 

DL 3 = 0 ; 

4-bifes 

N * t 


2 lines 

N- = 0 : 

1 Line 

F = 1 


5 x lu duVi 

F =0 : 

5 ^ ? dints 

EF * 1 


Busy in internal Dperadon 



BF = tl 


Can jfleept command or Instruction 




To display a message on LCD module, it is necessary to initialize it by writing series 
of ootnnumd codes in the command register in a proper sequence. The initialization 
indudes command codes tor clearing the display, returning the cursor home, and shifting 
cursor automatically after writing a character. After initialisation we can write data to 
cither DO RAM or CG RAM, Both RAMs are read/write RAMs and have unique 
addresses to access each location- To write data in any RAM we have to set the address 
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M to I" |l* 

#ot that RAM by issuing proper command, Then we can write data-^rrto it by activating 
write cycle- To activate write cycle we have to make K/W signal low, ,K5 signal high, send 
data on port A and apply high to low pulse of atleast 450 ns of duration on E pin of the 
module. The DD RAM stores the characters in titer ASCII cede whjjjefls CC RAM states 
die character in its internally generated character code. Let us the 3051 assembly 
Language program to display 'WELCOME' message cm the LCD module. Before sending 
command or data, it is necessary to check busy flag, Le, whether LCDis reading or not 


Main Routine : 


MOV 3iH,t30H ; 

MOV A, 1 3€M I 

LCALL COMMAND ; 

MOV A f #0E« ; 

LCALL C0f®UU«& ; 

MOV A, #f51H } 

lcall cosetJUiD ; 

MOV A,ISSN ; 

LCALL COMMABD i 

MOV A P f p W’ 

LCALL DISPLAY i 

MOV A,f 

LCALL DISPLAY ; 

MOV A, 1 1 L f 
LCALL DISPLAY 
MOV A, f 1 C T 
LCALL DISPLAY 
MOV A, # 'O' 

lcall display 

MOV A,I'M* 

LCALL DISPLAY j 

MOV a,l'E p 

LCALL' DISPLAY 7 

SJMP HERE: HERE ,* 


COMMAND Routine : 


Initialise stack pointer 
[Send command code to set font 
= 5 X10 dots* 

DL - ft-bits and M ** 2 lines] . 
[Send comoand code to set display 
and cursor OH] 

[Send command code to 
clear LCD] 

[Send cowmand to set DD RAM 
address to the seventh location 1 

Display letter W 

Display letter E 

Display letter L 

Display letter C 

Display letter 0 

Display letter H 

Display letter E 

Loop here after displaying 

message 

aying 


LCALL READY 
MOV Pi, A 

cut P 3,2 
Cut P3.3 
SETB P3.4 
cm P3,4 
RET 


Check whether LCD la ready ? 
Issue command code 
Make R43_= 0 to issue e 
Make R/W « 0 
Make E - 1 


to enable writing 

■Tirana fid 


Ma ke £ - 0 
Re turn 


writing 


>py right 
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READY Routine : 


READ: 


CLR P3.4 | 

CLP P3 * 2 ; 

MOV Plj tOFFH ; 
SETH P3.3 | 

SETS P3 * 4 i 
JB PI. 1 ,READ ; 

CLR P3.4 j 

RET ; 


Disable display 

Make PS- - 0 to access eoomiand register 
Configure PI as an input port 
Make R/W - 1 to enable reading 
Make E = 1 

Check DBl bit. If it is l r LCD is busy 
hence check if until it is 0 
Make E ■ 0 to disable display 
Return 


DISPLAY Routine ; 

LCMiL READY 
MOV PI, h 
SETB P3.2 
CLR P3.3 
SET! P3.4 
CLR P3,4 
RET 


i Check whether LCD is ready 1 
; Issue data 

l Make 1 to issue data 

; Make R/W = 0 to enable writing 
i Make E - 1 
l Make E ft 
; Return 


13.7 Interfacing DAC to BD51 

tn this section, we are going to see the interfacing of DAC 1403, 8-bit R/2R ladder 
type DAC with 8051. We begin with the details of 1C DAC 1408, 

13.7,1 1C DAC 140® 

Hie 1408 is an 8-bit R/2R ladder type D/A converter compatible with TTL and CMOS 
logic. It is designed to use where Ihe Output current is linear product of an eight-bit digital 
word. 

Fig, 13-31 shows Hie pin diagram and block diagram for 1C 1408 DAC, 
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MSB LSB 

N. A 3 ^4 H H H 



NPN Current source pair 


Fig. 13.31 (b| Block diagram 

The IC 14®@ consists of a reference current amplifier^ an R/2R ladder and eight high 
Speed current Switches. It has eight input data, lines Aj (MSP) through A a (LSB) which 
control the positions of current switches. 

It requires 2 mA reference current for full scale input and two power supplies 
V cC = + 5 V and V EE ■ - 15 V (V^ cart range from - 5 V to - 15 V). 

The voltage and resistor R„ determines the total reference current source and r I 5 
is generally equal to R H to match the input impedance of the reference current amplifier. 

Fig. 1332 shows a typical dicuit for IC 1408. 
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Fig. 13,32 Typical circuit for 1C 1401 


The output current I 0 can be given as 





^± + ^L4^JL + ^l 
16 32 64 128 



Note t Input A t through A g can be either 0 or 1. Therefore, for typical circuit Ml scale 
current can be given as. 


[ 


u 


5 

2.5 K 


1 + I 

,2 4 


+ 


I 

8 




JL 

M 


+ 


1 

128 


+ 



2 mAX 255 
256 


1.932 mA 


It shows that the Ml scale output current is always 1 LSB Jess than the reference 
current source of 2 mA, This output current is converted into voltage by I to V converter. 
The output voltage for full scale input can be given, as. 


V D * 1.992x2.5 K = 498 V 


Note : The arrow on the pin 4 shows (he output current direction. It is inward. This 
means that IC 1408 sinks current At ({W300 0000) 2 binary input it sinks aero current and at 
(11111 111) 2 binary input it sinlos 1.992 mA. 

The circuit shown in the Fig. 13-32 gives output in the unipolar range. When digital 
Input is OQH, the output voltage is 0 V and when digital Input is FFH (till 1111)*, the 
output voltage is + 5 V. Hint circuit can be modified to give bipolar output 
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% 13-33 shows the circuit for giving output in the bipolar range. Here, resistor R B 
(S K) i$ connected between v ri?F and the output terminal of IC 1408- This gives a constant 
current source of 1 mA. 



Fig* 13.33 Interfacing DAC in the bipolar range 


The circuit operation can be observed for three conditions : 

Condition 1 : For binary input (QOH) 

When binary input is GOH, the output current I 0 at pin 4 Is zero. Due to this current 
flowing through R^ (1 mA) flows through Kj giving V c = - 5 V, 

Condition 2 : For binary input 80H 

When binary input is BOH, the output current I fl at pin, 4 is 1 mA, By applying KCL at 
node A we get 

-I E 4i 0 +I f ■= 0 

Substituting values of l e and 1^ we get 

-(1 mA) + (1 mA) + I f * 0 

If “ 0 

and therefore the output voltage is zero. 
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Condition 3 : For Mary input FFH 

When binary input is FFH,, the output current l i: , at pin 4 is 2 mA. By applying KCL at 
node A we get 

substituting values of Ig, and 1^ we get, 

- (1 mA) + (2 mA) tl f = 0 
* r 1| - - 1 mA 

Therefore, the output voltage is + 5 V. In this way, circuit shown in the Fig, 1333 
gives output in the bipolar range. 


13J.11 Important Electrical Characteristics for 1C 1403 

* Reference current : 2 mA 

* Supply voltage : + 5 Vqc and - IS V Vgg 

* Setting time : 300 ns 

* Full scale output current - 1.992 mA 

* Accuracy ; 0.19 % 


13.7.2 Interfacing DAD 1408 / DAD 0808 with 1081 

Fig, 13,34 Shows the interfacing of DAC Q90S with 8051 microcontroller based system. 
We now see how different waveforms can be generated using this circuit. 

Square Wave 


To generate square wave first we have to output FF and then 00 on port 1 of 3051. 
The port 1 is connected as an input to the DAC 0808- According to frequency requirement 
delay is provided between the two outputs. 


Program : 

REPEATi 


DELAY: 
BACK: 


MOV SF, #G8H 
MOV PI, #0FFR 
LCALL DELAY 
MOV P r #00H 
LCALL DELAY 
LJMP REPEAT 
MOV RD, #0FFH 
DJNE BQ, BACK 


RET 


; initialize Stack Pointer 
; Load all l"s in Port 1 
i Call delay routine 
; Load all O'a in Port 1 
; Call delay routine 
; Repeat 

; Load delay count 

; Decrement and check whether delay 
; count is zero if not repeat the 
; operation 

; Return to main program 
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Fig. 13.34 

Triangular Wavs 

To generate triangular wave we have to output data'from OQ initially, and it should be 
incremented upto FF, When it reaches FF it should he decremented upto 00. 
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Program : 


REPEAT: 


REPEAT!] 


§ 


■ ■ leave 


M 

►jiv sp r *om 

MOV no, to or 
M pv Pi r RD 

INC RO 

C^TOE RO i OffREPEAT 
Mpv Pi, RO 

DJMZ RO, RE PEAT 1 

: 

i,JMP REPEAT 


; Initialize Stack Pointer 

; Send digital data to the input 
l of DAC oaos 

i I no rente nt digital data 
; Check digital data for peak 
; output if not repeat 
; Send digital data to the input 
; of DAC OflOB 

; Decrement digital data and 
; check digital data for least 
; output if not repeat. 


Sine Wave .„ craie f 

To gen^^lne wave we have to output digital equivalent values which will 
represent side \viffle as shown in the Fig. 13.35., Digital data OQH represent - 2 J ¥. TEH 
represent ■ 0*V fi d FFH represents + 2 3 V. The digital equivalent for sine wave can be 
calculated as follows. 



Fig* 13.35 

-Wr krfe’# L tHat sin OP = 0 and sin 90° = 1. The range sin 0° to sin 90 s is distributed over 
digital i4%e'5f7FH to FFH fe (FFH - 7FH) 128 decimal steps. Therefore/ taking 128 as a 
offset we’ can ■ write, 

Di^UN^ivdstt value (DEV) for sin x = (128 + 128 xsinx) 
wheraaaas-eblingts in degrees and digital value is in decimal- 
Lookup table shows the digital equivalent values for sine wave. 
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'Degrees 


J12& + 120 X m C) 


(128 + 128 x sin 10) 


(123 + 123 x sin 20) 


(123 * 

126 

5* 

sin 

30) 

(128 4 

126 

X 

iin 

40) 

(128 * 

120 

X 

sin 

50) 

(123 + 

120 

X 

sin 

60) 

(128 + 

12® 

X 

sin 

70) 

(126 +■ 

12® 

X 

sin 

60) 

(126 4 

12® 

X 

sin 

90) 

(128 ♦ 

123 

X 

*in 

100) 

(123 + 

126 

X 

sin 

110) 

(128 4 

123 

X 

stein 

120) 

(128 •* 

120 

X 

sin 

130) 

(12® + 

123 

X 

sin 

140) 

(128 * 

128 

X 

Sin 

ISO) 

(128 + 

128 

X 

sin 

160) 

{128 + 

123 

X 

sin 

170) 

(12® 4 

12® 

X 

iin 

ISO) 

{128 * 

123 

X 

tin 

160) 

{12® + 

128 

X 

iin 

200) 

{12® 4 

12© 

X 

Sin 

210) 

(12® 4 

126 

X 

sin 

220) 

(12® 4 

123 

X 

sin 

260) 

(12® 4 

128 

X 

sin 

240) 

(12® * 

128 

X 

iin 

250) 

£12® 4 

128 

X 

iin 

260) 

{12® 4 

128 

X 

sin 

270) 

{12® 4 

12® 

X 

sin 

200) 

£12® 4 

12® 

X 

sin 

260) 

{12® 4 

12® 

X 

sin 

300) 

...(128 * 

123 

X 

sin 

310) 

£12® 4 

12® 

X 

sin 

320) 

£126 4 

12® 

X 

sin 

330) 

£12® 4 

128 

X 

iin 

340) 

{12® 4 

12® 

X 

sin 

350) 

(12® + 

12® 

X 

sin 

380) 


Digital Equivalent In Decimal Digital Equivalent in Hex 


12 ® 


ISO 


171 


m 


m 


m 


233 


24® 


264 


256 -» 265 


264 


248 


233 


223 


IS© 


IIS 


171 


ISO 


12® 



126 


Table 13.11 
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AGAIN] 
BEGIN: 


MJT: 


Note ; 


MOV 

DFTR, #LUr 

MOV 

RO* #25H 

CLR 

A 

wove 

A, 0A+DPTR 

MOV 

Pi, A 

INC 

DPTR 

B JN2 

F.O f BEGIN 

SJH¥ 

AG AIM 

QRG 

.330 

[>B 

0CH,8SH,ABH 

□B 


DB 

...... 40H, 


initialize pointer to lookup table 
Initialize counter 

Get data from lookup table 
Send data to port 1 
point to next lookup table entry 
Decrement counter and -go to SEGIH 
i£ net zero 

Repeat the entire process 


6AB, SOH 


in. above program we have to store entries from. given lookup t ab le instead ol dote. 


13,3 Interfacing ADC to 6051 

In this section, we ate going to see the interfacing of ADC 0603/0805 and 0808/0609 
with 6051. We begin with the details of IC ADC 0803/0805 and ADC 0808/0809. 

13,3.1 ADC 6334 Family 

The ADC 0803, ADC 0804 and ADC 0805 art CMOS 8-bit successive-approximation 
analog to digital converters. These devices are design to operate from common 
micxuprncEF5F5nr control buses, with tri-state output latches driving the data bus, and are 
identical except for accuracy. 

Pin Diagram 

Fig, 13.36 shows the pin diagram of ADC 0803, ADC 0604 and ADC 0605- IN* and 
IN- inputs allow application of differential Input voltage which has high common mode 
rejection and eliminates offset due to the zero input analog voltage value- The devices can 



Tiohl 


*rial 


Fig, 13-30 Pin diagram of ADC OSO3fOSD4/0003 
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operate with an external dock signal or,, the on chip dock generator can be used 
independently by adding an external resistor and capacitor to set the time period. 

Features 


* S-bit successive approximation ADC 

* Conversion time 100 ps 

* Access time 1 -35 ns. 

+ It has an on-chip dock generator, 

* It does not require any aero adjustment 

* It operates on single 5 V power supply. 

* Output meet TTL voltage level spedficationfl- 

Opo ration 

When die WR input goes low, the internal successive approximation register (SAR) is 
reset As long as both CS and WR remain low, the analog to digital converter will remain 
in its reset state. One to eight dock periods after CS or WR makes a low-to-high transition, 
conversion starts. The tNTR signal is held high during conversion process. After 
conversion, INTK goes low which, is used as end of conversion signal. By making CS and 
ED signals low, an output can be read through DB^ to D% data signals. 

Analog Inputs 

As mentioned, earlier, there are two analog inputs to ADC 0EMX1/0S04/DBI15 : EN+ and 
IN™. These inputs are connected to an internal operational amplifier and are differential 
inputs. The differential input rejects the common mode noise and eliminates offset at zero 
analog input voltage 

The Fig. 13.37 shows a few ways to use these di f ferential inputs. The Fig 13,37 (a) 
shows the one way to use single input (hat can vary between 0 V and +5 V. Using another 
way variable voltage can be applied to the {-) pin so that the zero reference for V ta {+) 
can be adjusted, as shown in Fig. 13.37 (b). 



{*) 



Fig. 13.37 Ways to use differential Inputs 
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Clock Signal 

The ADC GBO3/0SO4/OB05 require 
a dock source ranging 100 kHz to 
1460 kHz for operation. Hie dock 
signal can be applied external or it 
can be generated with an RC circuit, 
as shown in the Fig- 13 When the 
RC circuit, shown to Fig. 13 3 ® is used 
to generate the clock, the dock 
frequency is given as, 

- 1 

c,Dct 1.1 RC 

Note : To have a minimum convention time dock frequency should be kept nearer to 
1460 kHz 

Typical Interface 

Fig. 13.39 shows the interfacing of ADC 0SO3, ADC 0804 and ADC 0S05 with 
microprocessor / micr ocontroller system. 


ADC 0BQ4 




Fig. 13.3# Interfacing of ADC 0SD3JQS04JD3Q5 with mlcroproceseo^microcontroller 

system 


13,8,2 ADC mom&m Family 

The ADC (MB and ADC 0809 ire monolithic CMOS devices with, an 8-diiretel 
multiplexer. These devices am also designed to operate from common microprocessor/ 
microcontroller control buses, with tri-slate output latches driving toe data bus. The main 
features of these* devices am ■ 


jrjHJ 
' i J 


nqh: 


ferial 
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Features 


* 8-bit successive approximation ADC, 

* 8-channel multiplexer with address logic 

* Conversion time 100 pa-. 

* It eliminates the need lor external zero and full-scale adjustments. 

* Easy to interface to all microprocessors. 

* It operates on single 5 V power supply. 

* Output meet. TTL voltage level specifications. 

Pin Diagram 


Pig. 13.40 shows pin diagram of D80B/Q809 ADC- 



Anatof 
i op uis 


Address 


Fig. 1M0 Pin diagram of ADC {VSQ8/M&5 


Operation 


ADC OSQti/OSQf has eight input channels, so to select desired input channel, it is 
necessary to send 3-bit address on A, 0 and C inputs, The address of the desired channel 
is Kid to die multiplexer address inpuls through port pins. After atlcast 50 ns, this address 
must be latched This can be achieved by sending ALE signaL After another 2_5 fis, the 
■tart of conversion (SOt) signal must he sent high and then low to start the conversion 
process. To indicate end of conversion ADC 0808/0809 activates EOC signal The 
microprocessor system can read converted digital word through date bus by enabling the 
output enable signal after EOC is activated, This is illustrated in Fig, 13,41. 


>py right 
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Fig. 13.41 Timing waveforms for ADC DBOB 

Interfacing 

Fig. 13,42 shows typical interfacing circuit for ADC 0600 with mi crop rocessor / 
microcontroller system. 



Fig. HAS Typical interface for 0808/0809 

Copyrighted material 
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The ietWr diode and LM 308 amplifier circuitry is used to produce a V cc an+Vm-p of 
5.12 V for the A/D converter. With this reference voltage the A/D converter will have 256 
steps of 20 mV eadu 

Example 13.3 ; Interface 8 8 channel ADC to 8051. W rite assembly language 

program to convert CHO CHS and CH7 and store result m external memory location 
Starting from COOOHRepeal procedure for every 1 sec. 

Solution : The Fig. 13.43 shows the interfacing of 8 channel, 8-bit ADC to 8051. 


Oscillator 



F2.Q 


PI .3 
PI A 
Pt.O 
PI.I 
P1.S 


Port 0 Of 
8051 


Fig. 13.43 

ADC 0808 has eight input channels, so to select desired input channel, it is necessary 
to send 3-bit address on ADC, ADB. ADA inputs. The address of the desired channel is 
sent to the address inputs through port pin PI .0, Pl.l and FI 2 of 8051. 
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Alts at least SO ns, this address must be Latched, This cart be achieved by sending 
ALE signal. Alter another 2.5 j_is, the start of conversion (SOC) signal must be sent high 
and then low to start the conversion process. To indicate end of conversion (EOC) 
(ADC 0608/080$) activates HOC signal. The 1051 pins P2.0 and PI .3 are connected to EOC 
and SOC pin of 0006/0609, 

Alter conversion is over, 8-bit digital data is available on D h1 through D 7 lines. The 
8051 accepts this data through port 0, 


Program 

CLR PI,3 
CLR Pi.4 
MOV PD, tQFFH 
MOV P2, tOFFH 
BACK ■ MOV DPTR, t0COOOH 
MOV K #0GR 
ACALL R_ADC 
MOVX #DPTR,A 
MOV A,fD3R 
ACALL RADC 
MOVX 0DFTR, A 
INC DPTR 
MOV A,|Q7R 
ACALL R_ADC 
MOVX #DFTR, A 
ACALL DELAY 
5JMP back 


j Make SOC low 

i Make ALE low 

; Configure port 0 as input 

; Configure port 2 as input 

l initialise memory pointer 

i Set address for Channel 0 

; Call ADC Routine 

Increment memory pointer 
i Set address for channel 3 

l Call ADC Routine 

j Save digital value 

; Increment memory pointer 
l Set address for channel 1 

s Call ADC Routine 

i Save digital value 

j Wait for l soc 

i Repeat 


Analog to Digital Conversion Routine 


RADC : 

MOV 

PI, A 

P 

Get the channel number and set 





its address 


SET 

PI .4 

t 

Send ALE 


NOP 


J 

Pulse 


CLR 

Pi. A 




SET 

Pi *3 

f 

Send start of 


NOP 


J 

Conversion 


CLR 

Pi. 3 

/ 

Pulse 

WAIT : 

JB P2.0, WAIT 

0 

Wait for EOC signal 


MOV 

A,PQ 

t 

Get digital data 


RET 



Return 

(May Routine 




DELAY : 

MOV 

TMOB, |01 

1 

Timer 0, mode 1 OS-bit model 


MOV 

R0, #14H 

a 

initialize counter to 20 

BACK i 

MOV 

TLOj I BOH 

r 

TLO = BOH, the low Byte 


MOV 

TH0, #3CH 

f 

TWO = Sen, the high byte 


SETS 

l TR0 

f 

Start the timer Q 

AGAIN : 

JNR 

TF0 r AGAIN 

r 

Check timerO flag until 




r 

it rolls over 


CLR 

TRfi 

f 

Stop timer 0 


TIC] h( 


trial 
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■. 


CLR TFO i Clear timer 0 flag 

PJN2 RO, BACK ; Decrement counter and if 

f not »ro repeat 
JRET ; Return 

Note : Timer 0 gives a delay of 50 ms. To get a delay of 1 see, such delay is executed 20 
times, 

13.8.3 Interfacing of ADC 0803/0804V0805 with 8051 

The Fig. 13,44 Shows fee interfacing of ADC 0803/0804 /0805 with 3051 using port 1 
and port 2. Here, port 1 is used to read digital data from ADC and port 2 is used to 
provide control signals to ADC 0803/0804/0605. Potentiometer is used to adjust V^+ 
voltage- The dock signal is provided using internal clock generator and. two external 
components, resistor and capacitor as shown in the Fig. 13,44. The frequency of such dock 
can be determined by, 

t = -L. 

U RC 

The typical values are R = 10 kii and C -130 pF. With these values we get 
approximatcrly 606 kHz dock frequency. In such case, the conversion time is around 
110 ps. 


+5 V 



AD Conversion Program 

MOV PI, I0FFH 
CIiR P 2 . & 


BACK: 


configure Portl as input 
[Make WR - 0 and 
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SETB P2,6 

AGAIN i JB P2„7, AGAIN 
CLR P2.S 
MOV A,Pi 
SETS P2.5 
SJMF BACK 

Practical Applications 


+V {A - 3D V} 



Fig. 13.45 Temperature dependent voltage 
source using LM35 


MS. See WE = l to generate a tart of 
conversion pulse] 

Wait for end of conversion 
Enable read 

Read data through portl 
Disable read after reading data 
go for next conversion cycle 

The National LM35 is a temperature 
sensor, It is a temperature-sensitive voltage 
source. Its output voltage increases by 10 mV 
lor each *'C increase in its temperature. The 
Fig- 13,45 shows the drcult connection, for 
temperature sensor LM35. The voltage 
output from this circuit is connected to a 
negative reference voltage* V s as shown, the 
sensor will give a meaningful output for a 
temperature range qf - 55 to 150 ®C. The 
output is adjusted to o v for o "C The 
output voltage can be amplified to give the 
voltage range you need for a particular 


application- The output voltage from LM35 cm be applied to ADC and we can get digital 
equivalent of analog voltage corresponding to current temperature. 


The AD590 is another commonly used temperature Sensor- It is temperature sensitive 
current source. It produces a current of 1 pA/’TC This current can be converter to voltage 
source by current to voltage converter. The advantage of current source sensor is that 
voltage drop in long connecting wires do not have any effect on the output value Hie 
output of amplifier shown in Fig, 13.46 can be applied to ADC to get the digital equivalent 
of current temperature. 


AD590 





Current 
to voltage 
converter 




=11 □ 


Amplifier 



n 






'm 


Fig, 13.46 Temperature sensor using AD590 
13.9 Stepper Motor Interface 

A stepper motor is a digital motor It can be driven by digital signal, fig. 13.47 shows 
the typical 2 phase motor interfaced using 5256, Motor shown in the circuit has two 
phases, with center-tap winding. The center taps of these windings are connected to the 


'riantt 


trial 
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12 ¥ supply. Due to this, motor can be excited by grounding four terminals of the two 
windings. Motor can be rotated in steps by giving proper excitation sequence to these 
windings. Tire lower nibble of port A of the 8255 is used to generate excitation signals in 
the proper sequence. 



Fig. 13.47 Stepper motor interface 

The Table 13-12 shows typical excitation sequence, "Die given excitation sequence 
rotates the motor in clockwise direction. To rotate motor in anticlockwise direction we 
have to excite motor in a reverse sequence. The excitation sequence for stepper motor 
many change due to change in winding connections* However, it is not desirable to excite 
both the ends of the same winding sbnultarieously- This cancels the flux and motor 
winding may damage. To avoid this, digital locking system must be designed. Fig, 13.48 
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shows & simple digital locking system. Only one output is activated (made low) when 
properly excited; otherwise output is disabled (made high), 



X', 


Xj 


Fig. 13,43 Digital locking system 


Step 

*1 

*1 

*1 

r 2 

1 

0 

1 

0 

1 

2 

% 

Q 

0 

1 

3 

i 

0 

1 

a 

4 

0 

1 

1 

— 

c 

1 

0 

1 

0 

1 


Table 13,12 Full step excitation sequence 

The excitation sequence given in Table 13.12 is called full Step sequence. In which 
excitation ends of the phase are changed in one Step, The excitation sequence given in 
Table 13,13 takes two steps to change the -excitation ends of the phase, Such a sequence is 
called half step sequence and in each step the motor is rotated by 0.9*. 


Stop 


*i 

- - 


1 

0 

1 

a 

1 

2 

0 

0 

0 

1 

3 

1 

a 

0 

1 

4 

1 

0 

0 

a 

5 

1 

0 

1 

0 

6 

0 

0 

i 

D 

7 

0 

1 

1 

0 

5 

0 

1 

0 

0 

1 

0 

i 

0 

1 


Table 13.13 Half step excitation sequence 

We know that stepper motor is stepped from one position to the next by changing the 
currents through the Reids in the motor. The winding inductance opposes the change to 
current and this puts limit on the stepping rate. For higher stepping rates and move 
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torque, it is necessary to use a higher voltage source and currant limiting resistors as 
shown in Fig. 13.49. By adding series resistance, we decrease L/R time constant which 
allows the current to change more rapidly in the windings. There is a power loss across 
series resistor, but designer has to compromise between power and speed. 



Fig, 13.49 Excitation circuit with series resistance 

HP# Example 13,4 : Write an 8051 assembly language program to control stepper motor using 
emwetiom given in Fig. 13,47. 

Solution : 


AGAIN ■ 

mV RD t COUNT ; 
MOV DfTR, #ETC ; 

Initialize rotation count 
Initialize pointer to 



J 

MOV R1 r |04 t 

excitation code table 

Initialise counter to ex-elation 

BACK i 

l 

MOVX A r £DPTR ; 

code sequence 

Get the excitation code 



MOV PI, A ; 

ICALL DELAY 

INC DPTR ; 

DONE fil, HACK F 

send the excitation code 
Wait for seme time 
Increment pointer 

Decrement Rl? if not zero 

goto BACK 


TXWZ A0, AGAIN 

Decrement RO; If not zero 

goto AGAIN 

ETC 

RET 

ORG 3000H 

DB 03H,06H,09H,QCU; 

code sequence for clockwise rotation 



i J 


righted 







Microprocessor & Microcontroller System 13-54 Interfacing to External World 

i 1 

HP# Example 13,5 t Write assembly language program to control conveyar belt using stepper 
motor and §051 controller. Belt mooes continuously at rate of 1 step/sec. frid stops for 5 sec. 
when external interrupt occurs and then continues io move. 


Solution ; 

MAIN : 

MOV IE, IlDOD 000LB 

r 

Enable external interrupt 0 

AGAIU: 

MOV DPTR,#ETC 

i 

Initialize pointer to 



t 

excitation code table 


MOV Rl, 104 

r 

Initialize counter to exeiation 



a 

code sequence 

BACK; 

MOVX h, SDPTR 

i 

Get the excitation code 


MOV Pi, A 

! 

send the excitation code 


MOV A,#14H 

jf 

Initialize count = 20 


LCALL DELAY 

t 

Wait for laee 


INC DPTR 

t 

Increment pointer 


BJME Rl, BACK 

r 

Decrement Rl 



fjr 

if not aero goto BACK 


SJMP AGAIN 

ORC 3000B 

f 

Repeat 

ETC 

DB 03H,Q£H, OSH, 0CH 

t m, 

Code sequence for 

u 


I 

Clockwise rotation 

Assume external interrupt INTO is 

used. 



OHG 0003B 

MOV A,#64H 

t 

initialize count - 100 


ACALL DELAY 

jr 

Called delay routine 


RET! 

1 

Return to main program 

Delay Routine 



DELAY: 

MOV TMOD, *01 

r 

Time 0, model {T6-bit mode) 


MOV RQ,A 

f 

Read count and Initialize 

BACK: 

MOV TL0,IBOtt 

t 

TLG-BOH* the low byte 


MOV THQ t #3CH 

B 

r 

THQ=3CH, the high byte 


SETB TR0 

f 

Start the timer 0 

RERE: 

JNB TF0,REPE 

f 

Check timer 0 flag until 



-E 

r 

it rolls over 


CLR TRO 

f 

Stop timer 0 


CLR TFQ 

if 

clear timer 0 flag 


DJMS R0, BACK 

r 

Decrement counter and 


RET 

i 

i£ not zero repeat 

Mote : 

Timer 0 gives a delay of 50 

ms. 



Therefore, to get delay of 1 sec = 50 ms * 20 

We load 20 as a count and to get delay of 5 sec, - 50 ms m 100 

we load 100 as count. 


riqht&d material 
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Fig. 13.50 
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13.11 Interfacing Examples 

Example 13,6 : Implement programmable frequency divider using timer of 8051. 


Solution : The Fig- 13J51 shows the connection for timer operation. The internal timer 0 is 
used to implement programmable frequency divider, The DIP switch is used to read foe 
divider count. The following section gives the algorithm and program required for this 
application. 



CMP Switches 


Fig. 13.61 Frequency divider application 


Algorithm : 

1. Initialise port pins FLO, Pl.l, PI. 2, PI.3 as input pins by writing 'V s to it 

2. Disable all foe interrupt Clear line Pi ,4 to show low level, 

3. Read the binary count - say 'n' (n ^ 2, 4, etc-) 

4. Initialise timer 0 as counter in mode T J , disable coimter by clearing TCON regi 
(he. clearing TRO bit) 

5. Divide the binary count by 2 by shift right operation, 

6. Take the complement of the (count/2) number and add 1 to it giving 2's 
complement oi the (count/2) number. 

7. Start the Counter operation by setting TRO bit 


TIQhl 


trial 
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8, Wait for TFQ bit to set. (This bit indicates timer overflow), 

9. After the overflow of the counter, dear TR0 i.e. Stop the counter- Clear TFO (reset 
timer overflow bit). Complement Pl.4. 

10- Go lo step 3 to check if the divide count has been changed. 


Program : 

■qrg progxara_a!ddrigss 

mov ap, #addres3_of_stack_area 

mov pi * fQfffh 

clr a 

mov ie, a ; clear int 

eiiov tmod, a ; initialise timer mode 

mov toon, a ; 

setb p3.4 


1 i 

GATE 

CjT 

Ml 

- 

MO 

GATE 

c/r | 

Ml 

M0 


X 

X 

X 

X 

0 

* 

0 

i 


back: 


Timer 1 

mov tsmodf *05 

mov tbO, #0ffh 

clr pi - 0 

mov a, pi 

an! a t 100011110b 

rr a 

epa 

aui a, #0fh 


rr a 

cpl a 
inc a 

mov tlQ, a 
aetb trO 

HERE 1 job fefO, HERE 

clr trO 
cpl pi.5 
clr tfO 
ajmp back 
end 


Timer 0 

I mode 1 ( timer 0 f counter 

; make common to grid 

; just taka 4 bits 
; adjust pepper position 
; take compliment 
; get actual BCD value from 
; D1P swit cb 
; divide by two 

t 

t take 2 J s complement of a nuniber 
i load into low timer 
; enable timer 


; disable timer 
; reset tfO 



riqhted 


material 
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Example 13.7 : Design microamtrolkr system to central traffic tights. The ttoffk 
arrangement is as shown in Fig, 33.52- The traffic should be controlled in the 



manner. 


1} Allow traffic from W to E mi E to W transition for 20 seconds. 

2) Cive transition period of 5 seconds (Yellow bulbs ON). 

3) Allow traffic from N to S and S to N for 20 seconds, 

43 Give transition period of S seconds (Yellow bulbs ON). 

53 Repeat the process. 


w 

®@© 
3 3 3 


■O 1 

©1 

©1 


E 


5 


®@© 

4 4 4 

®2 

©2 


Fig. 13.52 Traffic fight control 


Solution : 

Hardwire : Fig. 13.53 shows- the interlacing diagram to control 12 electric bulbs. Fort 1 
pins are used to control lights as shown in Table 13.14. 


Pin 

Control 

Port 

F1.Q 

Rl, Rj. Qj. ©4 

Port 

F1,1 

Y Z. Y* ^ : 

Port 

PI .2 

Rg. R + (jj, G 2 


Table 13.14 


Electric bulbs are controlled by relays- The port 1 pins ate used to control relay 
ON-OFF action with the relay driver circuit. The driver circuit includes 3 transistors to 
drive 3 relays. 


0V 

r J 


righted 


trial 
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Program : 

MOV 

r0, 

* oxh 

r 

Initialize rO to make 

P1.0 

high 


MOV 

rl. 

I D2H 

i 

Initialise rl to make 

Pl.l 

high 


MOT 

r2, 

4 CMH 

J 

Initialise r2 to make 

PI ,2 

high 

START; 

MOV 

n f 

rOH 

■f 

.1' 

Make Pl.O high 




LCALL Delayl 

p 

Wait for 20 aaeonds 




MOV 

pi. 

rl 

J 

Make Pl.t high 




tCALL D*elay2 

1 

Wait for 5 seconds 




py righted material 

i j ■_< 
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MOV PI, r 2 i Make PI .2 high. 

IiC&LL Delay 1 ; Wait for 20 seconds 

m:ov Pi, El ; Make Pl.l high 

LCALL Delays ; Wait for 5 seconds 

UMF START ? Jurcp to start 

JIB# Examplo 13,8 : Port 1 of 8051 is to be connected fa? two on-off suhichi$ and tew LED. it 
is required to seme the status of the switches and indicate it through the LEDs . Write a 
program to accomplish this tmk mid also give the necessary interfacing detail#, 

Solution : Fig, 13,54 shows the interfacing diagram. FLO and Fl.l are used to connect 
LEDs while PI,2 and PI,3 are used to connect switches. The status of the switches are 
sensed by BIT TEST instruction and LEDs arc driven by BIT SET instructions, 

+ SV 

330 fl 


Fig. 13.54 

Program : 

MOV Fl, * DCh 

BACK : JNB P1.2, GlOWJL 1 

SETS Pl.O 
JMB PI.3,GLOW !2 
SETS Pi.1 
JMP BACK 
GLOW_Ll i CLP Pl.O 

JMP BACK 
GLOW L2 : CLR Pl.l 

JMP BACK 

Note r By clearing bit LED will glow, 

!■# Example 13.9 : Draw a block schematic of following system configuration for SOS1, SK 
EPROM , 32 K RAM, S255. Indicate addresses generated through the drip select logic for 
above devices. 
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; g on figure Pi. 2 and Fl. 3 
; lines of pact 1 as input 

; keep polling 
i kaap polling 
i keep polling 
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Solution : Fig. 13-55 shows the Mock schematic of system, configure Kcm- 
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Address Map : 


EPROM Starling Address 

080SH 

EPROM End Address 

1FFFH 

RAM Starting Address. 

2000H 

RAM End Address 

0FFFH 

8255 Part A 

* &Q00H, 

82.55 Pert B 

6001H 

8255 Pert C 

B002H 

8255 Control Register 

WMH 


TbMa 13,15 


Example 13,10 : Write an 8051 assembly language program to flash alternate LEDs 
mnmctei to port B of 8255, with 1 see. delay. 


Solution i 

Assyjjie 


PORT 

A 

address 

eoooH 

PORT 

E 

address = 

aooiu 

PORT 1 

C 

address » 

S002H 

CR 


address — 

a003R 


MOV A, IBOH 
MOV DPTR, IB003H 
MOVX @DPTR f A 


Load control word 

Initialize pointer to point CR 

Send control word to CR 


MOV A,t55H 


Load alternate pattern 


MOV BPTR, #SD01H ; 
BACK : MOVX 0DFTR, A j 

LCAL1 DELAY 
CPL A ; 


Initialize pointer to point port B 
Send alftxnatft pattern to PORT B 
Wait for 1 see 
Complement A 


SJMF BACK 


Repeat 


Refer Delay Routine given in example 9,8., 


Example 13,11 ; Write jib itssernWy language program to jfta.fi PC 9 (mi PC 2 alternately 
with delay of 10 ms. $h@w the delay calculations. 


Solution : 


Assume CR address of 8255 = 8003H 


MOV PFTR, #609311 
BACK : MOVX A,|00H 

MBVX fcDFTR, A 
MOV A r I OSH 


Initialize pointer to CR 
Make PC Q - 0 

Make PC 2 • 1 
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MQVX @ DPTR H A 





LCALL DELAY 

/ 

Wait 

for 

10 ms 

MOV A,t01H 

MOVX UDPTRj. A 

P 

Make 

pc 0 

* I 

MOVA, #Q4H 

MOVX |DPTRj A 

1 

Make 

PC 2 

- 0 

LCALL DELAY 

SJMP BACK 

r 

Wait 

for 

10 ms 


Delay Routine 

We use timer 0 to generate a delay of 10 ms, Assume XTAL = 12 MHz T = 1 ps- 
To generate a delay of 10 ms the count to be loaded in THO and TLO is given by, 


Count 

- 65536 - LWW - (55536) 10 - 


DELAY: 

MOV TMOD, #01 

Timer 0# mode 1 (16-bit mode) 


MOV TLO, #0F0H ; 

TLO - CJFCft, the low byte 


MOV THO, #Q0@.H ; 

TKD = OCflH, the higrh byte 


SETB TR0 ; 

Start the timer 0 

AGAIN: 

JNi TFQ, AGAIN 

Check timer 0 flag until 


f 

its rolls over 


CLH TR0 ; 

Stop timer 0 


CLR tfq 

Clear timer 0 flag 


RET 

Return 


»► Example 13.12 ; Design a MSI based microcontroller system with following details 

a} MSI CPU at W MHz, 
b) Program memory 16 Kbytes, 
cl Data memory 32 Kbytes* 
d) 4 seven-segment LED display. 

Discuss the designed system with diagram. 

Solution : Fig. 13.56 shows SCSI based microcontroller system. 

For interfacing memory to the 9051 Fort 0 and Fort 2 are used as multiplexed 
address/data bust and a higher order address bus respectively. External latch is used to 
demultiplexed address and data. As per the specifications 16 K EPROM and 32 K RAM 
chips are oemneeted to the system bus. 

External decoder is used to generate chip select signals for memory chips as well as 
for 8279, keyboard/display controller. The 827? is used in decoded mode to interface four 
7-segment digits. Its B 0 -B 3 and A^-A s lines give data to be displayed and $ Q -$ 3 lines 
select proper 7-segment digit 
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Review Questions 

I. Explain the external program memory interface of 8051. 

2- Explain fife external dala memory interface of 8051- 

3. 1-isi the instructions fo access external ROM. 

4. List the iitstrueUonS So access external RAM, 

5. Discuss important points in sccessmg external memory. 

6. Him to achieve I/D expansion in 0051 ? 

7. Safari is keyfounc* ? Horn it is achieved ? 

8. Explain the RMfnr fceyfeoarJ interface of 8051. 

9. Interface 8 * 4 key matrix keyboard to tte 0051, 

Id. W?wi do you w«m r>y key debomce? 

11. W?mi do you mean by static display and multiplexed display. 

12. Interface 4 digit 7-scgemmt LED display to £051 rami twite m ftsseraWy language program to 
dtspdy 1234 on it 

1J. ^Vnlc a sftorf note (Ni IXD displays. 

14. Draur and explain the interfacing 4 digit mmmultrplexed 7-segment LCD display. 

15. Write a note m BCD to 7-segment LCD decoder/driver. 

16- Draw and explain tire interfacing of LCD module to 0052, 

17. Explain pa rictus commands associated mlh LCD module. 

18, Write On assembly language program to display any message sm the LCD module. 

If. Explain 1408 DAC mfli the help of block diagram. 

28- Draw and explain the typical interfacing circuit for DAC 1408. 

21- Draw and explain the typical interfacing circuit for DAC 1401 in Ilk bipolar range. 

22. Dice the ijttjwrEsrcf electrical characteristics far 1^01 DAC. 

22. doe a complete scheme to interface an 0-M ADC to 8051 microcontroller . Draw flowchart and 
Urriii an assembly language program, 

24, List the- features of ADC 0004. 

25, Explain the functions of various pins of ADC Q804. 

26, Draw and explain the interfacing of ADC 0604 to 0052. 

27, Dftfto And explain the stepper motor interface, 

28, Explain the methods for excitation of stepper motor. 

29, Explain the Hmitatkm for inttmsing the speed of stepper motor, 

30- Interface stepper motor to the 8051 tnlcrocontrolter and unite an assembly language program to 
rotate it 2S0 4 ', 


aaa 
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141 Introduction 

Hue processor,, main memory and f/'O devices can be interconnected by means of a 
common bus. A bus is a set of lines (wires) designed to transfer all bits of a word from a 
specified source to a specified destination. Thus bus provides a communication path for 
the transfer of data. The bus includes data lines, address lines and control lines. It also 
includes the lines needed to support interrupts and arbitration as a part of control lines. In 
-this section,, we discuss the main features of the bus protocols used for transferring data. 
Protocol defines certain set of rules that govern the behaviour of various devices connected 
to tine bus. It defines when to place information on She bus, when to assert control signals 
and so on, 

When processor, memory and I/O devices are connected in the system one particular 
unit acts as the bus master and supervises the use of the bus bv the other units, the bus 
staves- In most of the cases the processor is the bus master, while the memory and I/O 
interface circuits arc staves. However, I/O controllers also serve a$ bus masters. Only a 
bus master can initiate data transfer, although slaves can request for data transfer. Once 
tine data transfer is initiated, both master and slave participate equally in the data transfer 
process. 

Most of the- mleroprocessoffs/mkrocontrotier are designed for parallel communication. 
In parallel communication number of lines required to transfer data depend on the number 
of bits to be transferred. For example, to transfer a byte of data, 8 lines are required and 
at! S bits are transferred simultaneously. Thus tor transmitting data over a long distance, 
using parallel commutiication is impractical due to the increase in cost of cabling, Parallel 
communication is also not practical for devices such as cassette tapes or a CRT terminal. In 
such situations, serial communication is used. In serial communication one bit is 
transferred at a time over a single line, 

[n this chapter, we are going to see the classification of serial data communication and 
various protocols by which we can carry' out serial communication. 
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14.2 ClassIflcation of Serial Data Communication 

Serial data transmission can be classified on the basis of how transmission wwiS- 

1. Simplex, 

2. Half duplex 

3. Full duplex 


14.2.1 Simplex 

In simplex, the hardware exists such that data transfer takes place only in one 
direction. There is no possibility of data transfer in the other direction. A typical example 
is transmission from a computer to the printer. 

14.2.2 Half Duplex 

The hall duplex transmission allows the data transfer in both directions, but not 
simultaneously. A typical example is a walkie-talkie, 

14.2.3 Full Duplex 

The full duplex transmission allows the data transfer in both direction simultaneously. 
The typical example is transmission through telephone lines. 

14.3 Basic Serial Communi nation Data Formats 

The data in the ferial communication may be sent in two formats : 

a) Asynchronous 

b) Synchronous 

14.3.1 Asynchronous 

Fig. 14.1 shows the transmission format for asynchronous transmission- Asynchronous 
formats ate character oriented. In this, the hits of a character or data word are sent at a 
constant rate., but characters can come at any rate (asynehnonously) as long as they do not 
overlap, When no characters are being sent, a ling stays high at logic X called mark, logic 0 
is called space. The beginning of a character is indicated by a start' bit which is always 
low. This is used to Synchronize the transmitter and receiver. After the start bit, fee data 
bits are sent with least significant hit first followed by one or more stop hits (active high). 
The stop bits indicate the end of character. Different systems use 1, I 1/2 or 2 stop hits. 
The combination of start bit character and stop bits is known as frame. The start; and stop 
hits carry no information, but are required, because of the asynchronous nature of data. 
Fig. 14.2 illustrates how the data byte CAH would look, when transmitted, in the 
asyndtrenous serial format 


>rw 

■ i J 
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Fig. 14.1 Transmission format For asynchronous transmission 



Fig. 14.2 Asynchronous format with data byte CAH 


The data rate can be expressed as btls/sec. or characters/sec. The term bits/sec 1? also 
called the baud rate. The asynchronous format is generally used in low-speed transmission 
(less than 20 kbite/sec). 

M,$,2 Synchronous 



Fig. 144 Synchronous transmission format 


The start and stop bite in each frame of asynchronous format represents wasted 
overhead bytes that reduce the overall character rate. These start and stop bits can be 
eliminated by synchronizing receiver and transmitter. 'They can be synchronized by having 
a common clock, signal. Such a communication te called synchronous serial 
communication, The Fig. 14,3 shows the teansmL&sion format of synchronous serial 
communication. In this transmission synchronous bits are inserted instead of start and stop 
bite. 
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Sr, No, 

- ----—' 

i 

Asynchronous serial communication 

Synchronous serial communication 

1. 

Transmittess and receivers are not 

SyiWTifOnUed E>y Clgck 

Transmitter ard racstvets arc Synchronized try 
cfeSSc, 

2. 

BUs of date are Iruhsnvlted *| a*ntf*n| fate 

Cfete Wts are transmitted synchroirissaiJikin 

of clack. 

3, 

Character may airivs at any rate at receiver 

Character is received al consUnd rata. 

4. 

Data transfer is character nriemeC. 

Data transfer lakes place in blocks. 

5. 

Start and stop Cis are required Id establish 
Commurticafon of each dharaats?. 

Siarf and atop Mil are not required to 
astabJisti Httfimufeoetfen of each character, 
twwever,, wnchfenlHdon kb are r@qui.fed io 
Iran sfer the ddia IMl 

€k 

Used to lowspeed transitfselon* al about 
speed less than 20 it la/sac. 

dead m fllfH inii ttwwmtaaiona 


Table 14.1 Contpariaort between asynchronous m 4 ■yrteftronous serial data 

transfer 


14.4 RS-232C 

In response to the need for signal* and handshake standards between DTE and DC!, 
the Electronic Industries Association (EIA) introduced EIA standard RS-232 in 1962, It was 
revised and named as R5-232C, in 1969 by ElA, It is widely accepted for single ended data 
transmission over short distances with low data rates. 

This standard describes the functions of 25 signal and handshake pins for serial data 
transfer. It also describes the voltage levels, impedance levels, rise and fall times, 
maximum bit rate, and maximum capacitance for these signal lines. RS-232C specifies 25 
signal pira and it specifies that the DTE connector should be male, and the DCE connector 
should be a femak. The most commonly used connector should he a female- The most 
commonly used connector, DB-25P is shown In die Fig. 14.4, 

14.4.1 OB-25 P Connector 


The Table 14.2 shows pins and signals description for RS 232 C DB-25F connector. 


Pin 

number 

Common 

name 


Description 

Signal 
direction 
on DEC 

1 


AA 

Protective ground 


2 


1 

Transmitted data 

IN 

3 

RXD 

BB 

Received data 

OUT 
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Request 1m send 


Clsflr In send 


Dais set ready 


Signal ground (oonrnKMi return} 


Received line signal defector 


(Reserved for data sat fostfog) 


(Reserved for data set testing) 


Secondary racd. line slg. detector 


Secondary dear to sand 


Secondary transmitted data 


Transmission signal element liming 
(DCE source) 


Secondary received date 


Unassigned 


Secondary request to send 


Data terminal ready 


Signal quality detector 


Rfog irtdleater 


Data signal rate selector (DTE/DCE 
sou rea} 


Transmit signal ntemwl timing (DTE 
source} 


Unsigned 






Iti/OUT 



Table 14.2 











































































Microprocessor & Microcontroller System 14-6 


Buses and Protocols 


Signals 

Protective ground 

Transmitted data (T X P) - - PCE 

Received data £R X D)-*■ DTE 

Request to send (RTS)-—■——PCE 

Clear to send :CTS|-- DTE 

Data set ready (DSR]-- DTE 

Signal ground 

Received l»ne signal detector 
(Reserved for date set sealing) 
(Reserved for oa?a set teasing) 
Unassigned 

Sec. received Ime s.g. defector 
Sec. dear to send 


14.4.2 DB-9P Connector 

Since not all the pins are used in PC cables, IBM introduced the DMP version of the 
serial I/O standard, which uses only 9-pins. The Table 14.3 describes the pins tor DB-9P 
and Fig- 143 shows the DB-9P connector. 


Ptn No. 

Pin 

m 

1 

□CD 

Data carrier deled 

2 

RxD 

Received dale 

3 

T K\> 

Transmitted data 

4 

DTR 

Date [ermine. ready 

S 

GUO 

Signal ground 

6 

OSR 

Data sat ready 

7 

RTS 

Rerquasl to sand 

ft 

GTS 

Clear to send 

ft 

R[ 

Ring Indicator 


Table 14.3 Pin description for DB-9P conneeter 


Signals 


Secondary transmitted data 

14 

2 

Transmission signal element liming (PCE smirge) 

15 

3 

Secondary received data 

IS 

4 

Receiver signal element timing (OCE source} 

17 

5 

Unassorted 

1ft 

6 

Secondary request to send 

19 

7 

DCE ——Data; terminal ready (DTR} 

20 

ft 

Signal quality detector 

21 

9 

Ring indicator 

22 

10 

Data signal rate selector (DTEfDCE source} 

23 

11 

Transmit signal element timing (DTE source) 

24 

12 

Urtessigned 

25 

\ 

13 

V 

Fig. 

144 
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Fig. 14.5 DB-9F connector 

14.4.3 Data Transmission and Recaption using RS-232C 

Fig- 14,6 shows the digital data transmission using modems and standard telephone 
lines. Modems and other equipment used to send serial data over long distances art 
known as Data Communication Equipment (DCE). The terminals and computers diet art 
sending or receiving the serial data are referred to as Data Terminal Equipment (DTE). 


MICROCOMPUTER: S 1 ARGE 

CONTROLLED TlMESHARE 

TERMINAL MODEM MODEM COMPUTER 



DTE DTE «■ DATA TERMINAL EQUIPMENT OTE 

DCE * DATA COMMUNICATION EQUIPMENT 

Fig. 14.5 Digital data transmission using modems and standard telephone lines 

After the terminal power is turned on and the terminal runs any self-checks, it asserts 
the data terminal ready (DTR) signal, to tell the modem it is ready, When modem is ready 
to transmit or receive data, it asserts the data set ready {PSR) signal to the terminal After 
receiving DSR, die DTE requests use of the data channel by asserting RTS signal to begin 
transmission. The MODEM at the receiving aid is then dialed. This answer-mode modem 
responds with a 2225 Hz carrier frequency. When the modem connected to the sending 
terminal receives this carrier, it asserts carrier detect {CD} to the terminal. After proper 
time interval the modem sends elear-to-send signal [CIS) indicating modem and 
communication channels are ready for transmission. Immediately after CTS signal the 
terminal at the transmitting end sends serial data on its TXD output A similar handshake 
takes place for receiving data. Fig, 147 shows flowchart for the handshaking process when 
an E5“232C data port is used to exchange data with the modem. 
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The DTE is ready 


Cheek if the modem is ready 


Wait until it is law 


initiate pociraters and eau nlers 
for til® text to be transmitted 


The DTE request use of the data 
channel |d begin transmission 


Make sure modem has made 
contact with remote modem 


Watt until remote 
carrier is detected 


When CTS goes low the modem 
and communication channels are 
ready far transmlssiors 


Walt for madam to ba ready 


Fig. 14,7 Flowchart showing handshaking process 
14.4.4 8051 Connection to RS-232C 

to K5-232C the voltage level + 3 V to + 15 V is defined as logic 0; from -3 V to -15 V 
is defined as logic 1. The control and tuning signals are compatible with the TIL level, 
Because of the incompatibility of the data lines with the TTL logic, voltage translators. 
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called line drivers and line receivers, are required to interface TTL logic with the R5-232C 
signals. The Fig. 14,8 shows the connection between RS-232C and 8051. Here, MAX 232 
chip is Used as a line driver and line receiver We know that 8051 assigns two pins RuD 
(P3.D) and TxD (F3,l) for reception and transmission of serial data, respectively. These pins 
are TTL compatible; therefore, they require line driver and line receiver to make them 
R5-232C compatible. The MAX32 has two sets of line drivers and line receivers for 
transmitting and receiving data. Only one set is required for one serial communication. 



Fig. 14,1 Connection between RS-232C and 8051 

14,5 RS-423-A 

It Is an enhancement of the RS~232G This standard specific the electrical 
characteristics of unbalanced voltage-mode digital interface circuits normaHy used for the 
interchange of serial binary signals between. DTE and DCE, as shown in the Fig. 14,9. 


IFfTERCOMNECTING CAB1 E 



Fig* 14J Basic RS-423-A unbalanced digital intarfac® 

It allows one driver and up to 10 receivers on a single data line. This standard 
achieves longer transmission distances (4000 ft) and higher band rates (tiplo look bps) than 
die RS-232C standard, Basic requirements for drivers and receivers of BS-423-A standard 
are listed In Table 14.4 and 14.5. 
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Parameter 


Specification 

Output drive vc 'Lags Open circuited output 

y Q 

± 4 V to ± 6 V 

Output drive voltage terminated jn 450 ft 

V f 

£ fl-S V Q 

Output snort circuit current 

's 

i= 150 mA wtti output in either logic state 

Output leakage current (with power ctT| 

fx 

< tDO pA will! output voltage of 4V to 6 V. 

Output stew fate 

Sr 

Shalt net exceed 15 V^ts a* arty point 
during the Pans Loral period. 

Output mOPOticily 


Hie output shall be monotonic between 
0,1 and 0,9 V„. 

Transitional time 


For pulse widths of 1 ms or greater, the 
traneilsopat time measured between 0,1 
and DO V ss shall be between IDO pa and 
300 pi. 

Ringing (overshoot or undershoot! 


After completing a transition from erne 
logic state ic- the other, the signet voltage 
should not vary more than 10 ^ of 
from t'te steady state value until! (he next 
transition oopurg. 


Table 14,4 RS-423 A driver requirements 


Parameter 


Specification 

IrpuL resistance 

n m 

4 kft minimum under power on or power 
off conditions, 

Input sansltMly over an- input v th 

pommon-mode range of — 7 so 7 V, 

Referred So as differential input threshold 
voltage. 

The differential input required to ensure 
the receiver wil correctly assume the 
intended binary output state Is Z&O 1 mV. 
The receiver must also maintain correct 
operation for ciffcrcnUal input voltages 
from 200 mV So 6 V. 

Differential input voltage maximum 

V ro (max) 

The maximum V|q without reeuNLeg In 
damage to the receiver is 12 V. 

Input balance with any common 
voltage from - 7 So 1 V. 

mode 

Input voltage balance characterises, 
shall be such that the receiver will 
remain in its intended slate with a 
differential voltage of 4D0 mV applied 
through 500 ft (± 1 %) to each Input. 
Vj,Q, polarity is reversed for the opposite 
binary state. 
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Multiple roeeivars and total loading 

Up to 10 receivers may ha connedod 
an a single tine. Total loading of mulli'o 
nocB'vers and added fail safe enreuBa 
must have a resistance of 400 ri or 
greater. 

Recommended grouwiiflig 

The single -ground mre, or common, 
should be grounded only a| the driver 
end of the data line. 


Tabla 14,5 RS-423-A receiver requirements 


Drivers and Receivers 

The SN75156 sod t*A9636 are good examples of EIA RS=423“A drivers. The SN75157 
and UA9637A are examples, of HA RS423-A receivers. 

14© RS-422-A 

High, speed data transmission between computer system components and peripherals 
over a long distance, under high noise conditions is wry difficult with single ended driven 
and receivers. As an improvement over single ended drivers and receivers EIA standard 
introduced RS-422-A which uses low impedance differential signals, This standard achieves 
transmission rales from 100 kbps to 10 Mbps, 

A basic RS-422-A circuit has a data line driver, differential transmission line and loads, 
where a load may consists of one or more receivers (R) and the Hite termination 
resistor (R T ), as shown in Fig. 14.10, 



Table 14b and 14,7 gives the RS-422-A driver and receiver requirements, 


Parameter 

Specification 

Driver output impedance 

10b U or less 

Output differential vdlgae 

2.0 V to 0,0 v 

DWarenra between opposite polarity differential 
output vcHag es 

tees than 0.4 V 
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The driver outptit offeet voNage (V Qa ), 
measured from She jpumtieni «f the two 5Q a 

less than 3.0 V 

tefminator and driver ground 


DrwaF curiput current 

le59 than ISO mA. 

Oytpm eff'Slale leakage current 

less than ioo uA 

Output vottage transition time {trj 

less than 20 n& 

Overshocl and undershoot magnitudes 

less titan 10 % of V aa where V ss is the 
drfferanca between the two steady-stale values 


□f the output 


Table 14.6 RS-422-A driver requirements 


Parameter 

Specification 

' Differential data input threshold sensitivity 

Input impedance 

± 200 mV 

Grower than or- equal 1o 4 kSl 


Table 14.7 RS-422-A receiver requirement 


Ortvers and Receivers 

The SN75I72B and 5N75! 75 are driver and receiver for El A RSA22-A standard, 
respectively. 

14.7 RS-435 

EIA standard KS-4SS^ Jntmduced in 19S3, is an upgraded version of EIA RS-422-A. 
Increasing use of balanced data transmission lines in distributing data to several system 
components and peripherals over relatively long lines brought about the need for multiple 
driver/receiver combinations on a single twisted pair line. 

EIA RS-485 takes info- account RS-422-A requirements for balanced-line transmission 
plus additional features allowing for multiple drivers and receivers. Fig. 14.11 illustrates an 
application with multiple drivers and receivers. 
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Standard RS-485 differs from the RS-422-A standard primarily in the features that 
allow reliable multipoint ^mmitnkations, For the drivers these features are : 

* One driver can drive as many as 32 unit loads and a total line termination 
resistance of 60 £2 or more (one unit load is typically one passive driver and one 
receiver). 

* Hue driver output off-state, leakage current shall be 1EJQ pA or less with any line 
voitgae from - 7 V to 7 V- 

* Hie driver shall he capable of providing a differential output voltage of 1.5 V to 
5V with common-mode line voltages from - 7 V to 12 V. 

* Drivers must have self poteetkm against contention) multiple drivers contending 
for the transmission line at the same time}. That is, no driver damage shall 
occurs when its outputs are connected to a voltage source of - 7 V to 12 V 
whether its output slate is a binary 1, binary 0 or passive. 

For ■receiver these features are : 

* High receiver-input resistance, 12 k£i minimum, 

* A receiver input common-mode range of - 7 V to 12 V. 

' * Differential input sensitivity of t 200 mV over a common-mode range of 
- 7 V to 12V. 

Hie SN7S172P and SN75174B drivers, exhibit a differential output transition time of 
75 ns maximum. Tills particular parameter is key to the maximum speed at which the 
driver may operate in accordance with E1A RS-4S5 specifications. 


14J Comparison between E1A Standards 

The Table 148 shows the comparison between BlA standards 


PlISIHtHf 

RS232C 

R5-423-A 

R5-422-A 

RS-465 

Mode of operation 

Siogle-cndeb 

SirtgflMinded 

DiffErentHl 

□iffarenlial 

Number of drivers 
and reoshefa allowed 

1 Driver 

1 Receiver 

1 Driver 

10 Receivers 

1 Driver 

10 Receivers 

32 Drivers 

32 Receivers 

Maximum cable 
tesflfri (ft) 

50 

4000' 

4000 

4000 

Maximum data rats 
bite per second 

20k 

tOOk 

10 M 

10 M 

Haxntuth common 
mode voltage 

± Z5 V 

16V 

6 V 

- 0.25 V 

_ 

12 V 

— TV 

Driver output 

± 5 V min 

l 15 V max 

± 3.0 V min 

± 6.0 max 

± 2 V min 

± 1.5 V min 

Driver load 

3 m to 7 ice 

450 O rmn 

100 D min 

60 £2 min 

Driver slew rate 

30 V |*s max 

Externally cwtfdled 

NA 

NA 
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Driver output abort 
circuit current limit 

5Qfl mA. to Vrc W 
GRD 

150 mA to (3RD 

150 mA to CRO 

1® mA to GRD 

250 mA to - 8 V or 
12 V 

□river output 

fEsisterce Power on 

HA 

ha 

HA 

120 va 

(High 2 state) Power 
aff 

300 n 

BO hO± 

m k£1 

120 kO 

Receiver Input 

rcatalanco Q 

3 kClto 7 k£3 

4 IQ 

4 IQ 

12 SQ 

Receiver sensitivity 

± 3 V 

± Z OO m V 

± 200 mV 

± 200 mV 


table 14.8 Comparison between EIA standards 


14.9 ( ! C 

Communication network systems are rapidly growing in size and complexity. These 
systems have many high speed integrated circuits with critical operating para meters and 
must provide extremely reliable service with zero down time. To maintain the performance 
of these systems, adequate environmental monitoring must be performed, so a failure or a 
data trend leading to a potential failure can be rapidly identified. Furthermore, this 
monitoring must be performed cheaply to keep system costs low. 

To provide such needs by maximizing hardware efficiency alongwith providing circuit 
simplicity. Philips developed a simple bi-directional 2-wire bus for efficient Inter-IC 
control. This bus is called the Inter IC (Integrated Circuit) feus or 1 2 C bus. The 1 2 C 
Interface employs a comprehensive protocol to ensure reliable transmission and reception 
of data within connected devices Here, each device is recognized by a unique address 
(whether it's a microcontroller, LCD driver, memory or keyboard interface) and can 
operate as either a transmitter or receiver, depending on the function of the device. 
Obviously an LCD driver is only a receiver, whereas a memory can both receive and. 
transmit data. £n addition to transmitters and receivers, devices can also be considered as 
masters or slaves when performing data transfers, A master is the device which initiates a 
data transfer on the bus and generates the dock signals to permit that transfer. At that 
time, any device addressed Is considered as a slave. Let us see some important features of 
1 2 C bus. 

14.9.1 Features of 1 2 C Bus 

The important features of the T 2 C bus are; 

* Only two bus lines are required; a serial data line f$DA) and. a serial clock 

(SCL), 

• Each device connected to the bus is software addressable by a unique addr ess 
and simple master/slave relationships exist at all times; masters can operate as 
master-trruismillcrs or as ma^ld-receivers. 
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* It's a mte multi-fna$l«r bus including collision detection and arbitration to 
prevent data corruption if two or more masters simultaneously initiate data 
transfer, 

* Serial, &*bit oriented, bi-diiectiotiaS data transfers can be made at 

* up to 100 kbit/s in the Standard-mode, 

* up to 400 kbit/s in the Fast-mode, or 

* up to 3-4 Mbit/s in the High-speed mode 

* On-chip filtering rejects spikes on, the bus data’ line to preserve data integrity. 

* The number of ICs that can be connected to the same bus is limited only by a 
maximum bus capacitance of 400 pF. 


14.9.2 l z C Bus Terminology 

The Table 14.9 lists the terminologies used in the VC bus- 


Term 

Description 

Traiwmlttef 

The device that sends the data In 1t» Hus. 

Receiver 

The device that receives fta data tom* the bus. 

Masts# 

The dews® which Initiates the transfer,, generates the $oofc and twmii.ates the 
transfer. 

Slave 

The device addressed by a master, 

MuHi-msaler 

More than one master device in a system. These masters can attempt l& 
eemlnsl the bus at the same time without corrupting (he message. 

ArbitralJon 

Procedure (hat ensures that only w of tie master devices will control the 
bus. This ensure that the transfer date doas not get corrupted. 

Synehromiatlon 

Procedure wham the dock admits of two or mom devices are synchronized. 


Table 14.9 

14.9.3 l J C BUS Configuration 


Let us see the example of IX bus configuration using two nucrocontrollert, Hus 
l 2 C bus is a. multi-master bus. This means that more than one device capable of controlling 
tiie bus can be connected to it. The Fig 14,12 shows (he two microcon,trullers connected to 
I^C bps. Due to two microcontrollers, there exists master-slave and receiver-transmitter 
relationships on the rC bus. It should be noted that these relationship# arc not permanent, 
but only depend on the direction of data transfer at that time. The transfer of data would 
proceed as follows : 

Case 1: Microcontroller A wants to send information to microcontroller B 
* microcontroller A (master), addresses microcontroller B (slave), 


>py righ 



Mic ropro cess or & M i c rOdon tro I le r System 14 - 16 


Buses and Protocols 


* microcontroller A {master-transmitter), sends data to microcontroller B {slave* 
receiver}. 

* microcontroller A terminates the transfer. 

Case 2 j Microcontroller A wants to receive information from microcontroller B 


* microcontroller A {master} addresses microcontroller B (slave). 

* microcontroller A (master- receiver) receives data from microcontroller B (slave* 
transmitter). 

* microcontroller A terminates the transfer. 

Even in this case, the master (microcontroller A) generates the timing and terminates 
the transfer. 

The possibility of connecting more than one microcontroller to the t“C bus means that 
more than one master could try to initiate a data transfer at the same time. To avoid the 
chaos an arbitration procedure has been developed. 



Fig. 14+12 Two microcontrollers connaotsd to I^C bus 


14.9.4 Pc Signals 

Start - high-foTow transition of the SDA. line while SCL line is hagh- 
Stop - low-to*high transition, of the SDA line' while SCL line is high. 

Ark - receiver pulfr SDA low wMle transmitter allows it to float high. 

Data - transition lakes place while SCL is low. 

14.9.5 Initiating and Terminating Data Transfer 

During times of no data transfer (idle time), both the dock tine (SCL) and the data line 
(SDA) are pulled high through the external pull-up resistors. The START and STOP 
conditions determine the start and stop of data transmission. The START condition, is 
defined as a high to tow transition of the SDA when the SCL is high- The STOP condition 
is defined as a low to high transition of the SDA when the SCL t§ high. Fig. 14-13 shows 
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the START and STOP conditions. The mailer generates these conditions for starting and 
terminating data transfer. Due to the definition of the START and STOP conditions, when 
data is being transmitted, the SDA line can only change state when the SCL line is low, 



Start Change 
condition of data 
allowed 


i i 
t \ i i 

J_Jk_E_L 


IT 


i i i i 

i i 






p | 

i i- 

Chang* Stop 
of data candtion 

altewed 


Fig, 14.13 Start and atop conditions 


START and STOP conditions are always generated by the master. The bus is 
considered to be busy after the START condition. The bus is considered to be free again a 
certain time after the STOP condition. 

The bus stay's busy if a repeated START (Sr) is generated instead of a STOP condition. 
In this respect, the START (S) and repeated START (Sf) conditions are functionally 
identical. Thus, hereafter, the S symbol will be used as a generic term to represent both the 
START and repeated START conditions, unless Sr is particularly relevant 

Detection of START and STOP conditions by devices connected to the bus is easy If 
they incorporate the necessary' interfacing hardware. However, microcontrollers with no 
such interface have to sample the SDA line at least twice per dock period to sense the 
transition, 


14.9.6 Transferring Data 


14&G.1 Byte Fwrnat 

In the byte format, S-bit data is put on the SDA line. The number of bytes that can be 
transmitted per transfer is unrestricted. Each byte has to be followed by an acknowledge 
bit. Date is transferred with the most significant bit (MSB) first as shown in Fig, 14,14, If a 
slave can't receive or transmit another complete byte of data until it has performed some 


SDA 


rf\ 


SCL 


nxzr: r m r ca::ri 


MSB 


Ai:KftCiwle^oefneiit 

signal from slave 


Ackno/ilecfgemenl 
signal (resv receiver 


Byte wrtpiebe, 
interrupt nw*s slave 

] On* fc® hstd law white 
; iKiemjpls are serviced 


I S 

or 


LSJ 


. i 1 111.I I U^rU 1 aia ki n«:u | 

\nn. Ann I i r\ a /r.\ n, _/ 


ft 

Sr 1 


JL 


ACK 


ACK 


Sr j 
. or ' 

L?J 


START er 
watel START 

oondiliori 


STOP erf 
repeated START 
condition 


Fig. 14.14 Date transfer on the l 2 € bus 
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other function, for example servicing an internal interrupt,, it can hold the dock line SCL 
LOW to force the master into a wait state. Data transfer then continues when the slave is 
ready for another byte of data and releases clock line SCL, 

A message which starts with such an address can be terminated by generation of a 
STOP condition, even during the transmission of a byte, In this case, no acknowledge is 
generated. 

149.6.2 Acknowledge 

Data transfer with acknowledge is compulsory. The ackno wledge-reLated dock pulse is 
generated by the master. The transmitter releases the SDA line (HIGH) during Ore 
acknowledge dock pulse. The receiver must pull down the SDA line during the 
acknowledge dock pulse so that it remains stable LOW during the HIGH period of this 
clock pulse as shown in Fig. 14,15. Of course, set-up and hold times must also be taken, 
into account 

When a slave doesn't acknowledge the slave address (for example, it's unable to 
receive or transmit because it's performing some real-time function), the date line must be 
left HIGH by the slave. The master can then generate either a STOP condition to abort the 
transfer, or a repeated START condition to start a new transfer. 

Date output 
by transmitter 


Date output 
by receiver 


SCL from 
master 


Fig. 14.15 Acknowledge on the 1C bus 

If a master-receiver is Involved in a transfer, it must signal the end of data to the 
slave- transmitter by not generating an acknowledge on the last byte that was clocked out 
of the slave. The siave-transmitier must release the data line to allow the master - to 
generate a STOP or repeated START condition, 

14,9.7 Addressing l 2 C Devices 

There are two address formats, The simplest is the 7-bit address format with a R/W 
bit The more complex is the 10-bit address with a R/W ML For 10-bit address format, two 
bytes must be transmitted with the first five bits specifying this to be a 10-bit address. The 
10-bit addressing allows the use of up to 1024 additional slave addresses. The 10-bit 

Copyrighted material 






Microprocessor & Microcontroller System 14 * 19 


Buses and Protocols 1 


addressing does not affect the existing 7-bit addressing. Devices with 7-hit and 10-bit 
addresses can be connected to the same fc bus. 


The Fig. 14-16 shows the 7-hit address format and Fig- 14.17 shows the 1.0-bit address 
format 


MSB LSB 


s 





... 


r m 

ACK 


- - Stave address —----— 

1 

BafiI k... 


slave 


S ■ Start condition 
ROT - Read/wrije pufee 
ACK - Acknowledge 


Fig. 14.16 7-bit address format 


1 _ s _ 

1 1 1 1 Q A3 AS Rffl 

ACK 

AT AS AS A* A3 A2 A1 AO 

ACK | 

5 - Sled condilwi 


--- Sard by slave 1 

--——■*- for write 



Rffi - Read/wrfte pulse 
ACK - AeknawMge 


Fig. 14.17 16-bit address format 


14.9.8 Complete Data Transfer 

Fig. 14.18 shows complete data transfer using 7-bit address format. As shown in 
Fig. 14.1 S, after the START condition ($), a stave address is sent This, address is 7 bits long 
followed by an eighth bit which is a data, direction bit (R/W) - a ''zero'" indicates a 
transmission (WRITE), a 'one' indicates a request for data (READ), A data transfer is 
always terminated by a STOP condition (F) generated by the master, However, if a master 
still wishes to communicate on the bus, it can generate a repeated START condition (Sr) 
and address another slave without first generating a STOP condition. When an address is 
sent each device in a system compares the first seven bits after the START condition with 
its address. If they match, the device considers itself addressed, by the master as a 
slave-receiver or sb 1 .»•tiansmitlier, depending on the R/W bit Various combinations of 
read/write formats are then possible within such a transfer. 

The possible data transfer formate are as fallows : 

1, Master-transmitter transmits to slave-receiver. The transfer direction is not changed. 
This is shown in Fig. 14.18 
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Fig. 14.18 A complete data transfer using 7-bit address format 



Slave address 
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A 

__ 
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A 

Pats 

A/A 
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1 Data transferred _ 



'D’(write) {n bytes * acknowledge) 



From master to slave 


j ~~"| From sieve to masla 


A * Acknowledge (SDA LQW) 

A - Mot acknowledge {SPA HIGH) 
S ■ START condition 
P = STOP condign 


Fig. 14,19 Master-transmitter transmits to slave-recaiver 

2. Master reads slave immediately after first byte. This is shown lit Fig 14-20- At the 
moment of the first acknowledge, the master- transmitter becomes a master- receiver and 
the slave-receiver becomes a slave-transmitter. This first acknowledge is still generated by 
the slave. The STOP condition is generated by the master, which has previously sent a 
not-acknowledge (A}. 
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Fig. T4.2C Master reads slave immediately after first byte 
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3. The Fig, 14.21 shows the combined format. During a change of di rection within a 
transfer, the START condition and the slave address are both repeated, but with the R/W 
bit reversed, If a master receiver sends a repeated START condition, it has previously sent 
a pi ot-ackitewlcdge (A), 



' ■ V -I 1 H 

A/A 

A :Lqafe.iM\[.-p j; 

1 

Read w 
write . 

_Jn bytes + _ 
acknowledge)' 


Reed or_ 
write 


[ {re bytes * j 

acKnowiedge)* 

—Direction 

of transfer 


' Nat shaded because 
transra* defection of 
data and aeftnowfedge bits 
depends on R/W bits. 


Sr = Repealed START condition 


may thange 
at this point, 


Fig, 14.21 Combined format 


14.9.9 Arbitration 


A master may start a transfer only if (he bus is free. Two or more masters may 
generate a START condition within the minimum hold time (tHi>; sta) of the START 
condition which results In a defined START condition to the bus. Arbitration takes place 
on the SPA tine, while the 5CL line is at the HIGH level, in such a way that the master 
which transmits a HIGH level, while another master is transmitting a LOW level will 
switch off its DATA output stage because the level on the bus doesn't correspond to its 
own level. This is illustrated in Pig. 14,22, As shown in the Fig- 14.22, at point A, master 1 
transmits HIGH level and master 2 transmite LOW level Since SDA line uses, wired’AND 
logic the effective level on the SPA Sine is LOW. Thus, master 1 level does not match with 
the SPA level and it ewitche off its DATA output stage. 
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II more them one masters are trying to address the same device,, arbitration continues 
with comparison of the date-bits if they are master - transmitt er, or acknowledge-bite if they 
are master-receiver. Because address and data information on the l 2 C bos is determined by 
the winning master, no information is lost during the arbitration process. 

It is important to riute (hat, arbitration isn't allowed between : 

* A repeated START condition and a data bit 

* A STOP condition and a data bit 

* A repeated START condition and a STOP condition. 

Note s Slaves are not involved in the arbitration procedure. 

14,9.10 Extensions to the Standard -Mod© l 2 C Bus Specification 

The Standard-mode l"C bus specification., with its date transfer rate of up to 100 kbit/s 
and 7-bit addressing, has been in existence since the beginning of the ISBO'b. To meet the 
demands for higher speeds, -as well as make available more slave addresses for Ike 
growing number of new devices, the Standard-mode PC bus specification was upgraded 
•over the years and today is available with the following extensions * 

» Past-mode, with a bit rate up to 400 kbit/s. 

* High-speed mode (Hsi-mode), with A bit rate Up to 3-4 Mbit/s, 

* 10-bit addressing, which allows the us# of up to 1024 additional slave addresses. 

Let us see the details of fast mode and High-speed mod#. We have already discussed 
10-bit addressing; in section 14.9.7. 

14,9,10,1 Fast-mod# 

Past-mod# devices can receive and transmit at opto 400 kbit/s. The minimum 
requirement is that they cm synchronize with a 400 kbit/s transfer,; they can then prolong 
th# LOW period of the SCL signal to slow down the transfer. Past-mode devices are 
downward-compatible and can. communicate with standard-mode devices in a 0 to 
100 kbit/s I 3 C bus system. 

Features i 

The Fast-made PC bus specification has the following additional features compared with 
(he standard-mode; 

* Th# maximum bit rate is increased to 400 kbit/s. 

* Timing of ih# serial -data fS-DA) and serial dock (SCL) signals has been adapted. 
There is no need for compatibility with other bus systems such as CBUS because 
(bey -cannot operate at the increased bit rate. 

* Th# inputs of Fast-mod# devices Incorporate spike suppression and a Schmitt 
trigger at the SPA and SCL inputs. 
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* The output butlers of Fast-mode devices incorporate slope control of the falling 
edges of the SD.A and SCL signals. 

« If the power supply to a Fast-mode device is switched off, ihe SDA and SCL I/O 
pins must be floating so that they don't obstruct the bus lines, 

* The external pull-up devices connected to the bus tines must be adapted to 
accommodate the shorter maximum permissible rise time for the Fast-mode 
I 2 C bus. 

14J.lt.2 Hs-mode 

Hs-mode device? can transfer information at bit rates of up to 3-4 Mbit/s, yet they 
remain fully downward compatible with Fast- or standard-mode (F/S-modc) devices for 
bi-directional communication in a mixed-speed bus system, With the exception that 
arbitration and clock synchronization is not performed during the Hs-mode transfer, the 
same serial bus protocol and data format is maintained as with the F/S-mode system. 

Improvements made in the regular LC-bus specification to achieve a bit transfer of up 
to 3.4 Mbit/s are as follows : 

■ Hs-mode master devices have an open-drain output buffer for the SDAB signal 
and a combination of an open-drain pull-down and current-source pull-up circuit 
on the SCLH output. This current-source circuit shortens the rise time of the 
SCLH signal. 

* No arbitration or clock synchronization is performed during Hs-mode transfer in 
multi-master systems, which speeds-up bit handling capabilities. 

* Hs-mode master devices generate a serial dock signal with a HIGH to LOW 
ratio of 1 to 2- This relieves the timing requirements for set-up and hold times. 

* The reduction in capacitive loads of the SDAH and SCLH lines results in faster 
rise and fall dtnes. 

* The inputs of Hs-mode devices incorporate spike suppression and a Schmitt 
trigger at the SDAH and SCLH Inputs. 

■ The output buffers of Hs-mode devices- incorporate slope control of the felling 
edges of the SDAH and SCLH signals. 

14.9.11 Advantages of 1 2 C 

■* Good for confimunication with on-board devices that are accessed occasionally. 

it 

* Easy to Mnk multiple devices because of addressing scheme. 

■ Cost and complexity do not scale up with, the number of devices,. 
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14.9.12 Disadvantage of l 2 C 

* The complexity of supporting software components can be higher than that of 
competing schemes ( for example, SPI ). 

14.9.13 Applications of l 2 C 

* Used as a control interface to signal! processing devices that have separate data 
interfaces, e-g- RF tuners, video decoders and encoders, and audio processors. 

14.10 Modbus Protocol 

Programmable controllers can communicate with each other and with other devices 
over a variety of networks. These networks are accessed by budt-in ports in the controllers 
or by network adapters, option modules, and. gateways, Modbus protocol defines a 
message structure that controllers will, recognize and use, regardless of the type of 
networks over which they communicate. It describes - 

* the process a controller uses to request access to another device 

* how tt will respond to requests from the other devices 

* a common format for the layout and contents of message fields 

* the internal standard that the Modicon controllers use for parsing messages 

* how each controller will know its device address, recognize a message addressed 
to it, determine the kind of action to be taken, and extract any date or other 
information contained in the massage. 

* how errors will be detected and reported. 

For networks other than Modicon Modbus and Modbus Plus industrial networks such 
as MAP and Ethernet, messages containing Modbus protocol are imbedded into the frame 
or packet structure tha t is used on the network. 

14.10*1 Transactions on Modbus networks 

Standard Modbus ports on Modicon controllers use an RS-232C compatible serial 
interface that defines connector pinouts, cabling, signal levels, transmission baud rates, and 
parity checking. 

Controllers can be networked directly or via modems. Controllers communicate using 
a master-slave technique. In which only one device (the master) can initiate transactions 
{called 'queries'). The other devices (the slaves) respond by supplying the requested data 
to foe master, or by taking foe action requested in foe query', Typical master devices 
include host processors and programming panels. Typical slaves include programmable 
controllers. 
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The master can judd mrnrn individual slave?, or can initiate a broadcast message tci all 
slaves- Slaves return a message (called a 'response'} to queries that are addressed to them 
individually. The slave's response message is also constructed using Modbus protocol. It 
contains fields confirming the action taken, any data to be returned, and an error-checkir.g 
field. If an error nccurrgd in receiving the meSSagEi, or if the slave is unable to perform the 
requested aciion r the slave will construct an error message and send it as its response. 

14.10.2 The Query-Response Cycle 

The Fig. 14.23 shows the query-response cycle. 


Query message from Master 


D&viiiu Address 


Device Address 

Furidlian Code 


Function Code 

— Eight,Bit — 

— Data Byies — 


“ Eight-Bit “ 
— Dasa Bytes ” 

Error Check 


Error Chock 


Resportsft muss ago Ir&m Slave 


Fig. 14.23 Master-Slave Query-Response Cycle 

Query ; Device field of the query gives the address of the slave. The function coda in tbe 
query tails the addressed slave device what kind of action to perform. Die data bytes contain 
any additional information that the slave will need to perform the function. For example, 
function code 03 will query the slave to read holding registers and respond with their 
contents. The data field must contain the information telling the slave which register to 
start at and how many registers to read. The error check field provides a method for the 
slave to validate the integrity of the message contents. 

The Response : If the slave makes a normal response, the function code in the 
response is an echo of the function code in the query- The data bytes contain the data 
collected by the slave, such as register values Or status. If an error occurs, the function 
code is modified to indicate that the response is an error response, and the data bytes 
contain a code that describes the error- The error check field allows the master to confirm 
that the message contents are valid. 
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14,10.3 Transmission Modes 

Controllers can 'be setup to communicate on. standard Modbus networks using either of 
two serial transmission modes : 

* .ASCII or 

* RTU 

Users can select the desired mode, along with the serial part communication 
parameters {baud rale, parity mode,, etc,)/ during configuration of each controller It is 
important to note that, the mode and serial parameters must be same for all devices on a 
Modbus network. The selection of ASOI or RTU mode pertains only to standard Modbus 
networks. These transmission modes define r 

* the bit contents of message fields transmitted serially on those networks. 

* how information will be packed into the message fields and decoded. 

14.10 31 ASCII Mode 

In ASCII (American Standard Code for Information Interchange) mode, each fMrit byte 
in a message is sent as two ASCII characters, The main advantage of this, mode is that it 
allows time intervals of uplo one second to occur between, characters without causing an 
error. The format for each byte in ASCII mode is explained in the Fig. 14.24 and. it is 
shown in Table 1410. 
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J. 14.24 Format for byte fn ASCII mode 

Parameter 

Format 

Coding System 

Hexadecimal 1 , ASCII characters 0-9, A-F 

One hexadecimal character contained m each ASCII character of 
the message 

Bits par Byte 

i Mart bit 

7 date bits, leas! sign.fic-anl bit sent first 

1 h it far even/pdij parity; no bit for r» parity 

1 Step bit if parity is used; 2 bite if no parity 

Error Check Field 1 

Longitudinal Redundancy Check (LRG) 
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1410.32 RTJ Mods 

In RTU {Remote Terminal Unit) mode, each JMtit byte in a message contains two 4-bit 
hexadecimal characters. The main advantage of this mod# is that its greater character 
density allows better data throughput than ASCII lor the same baud rate. Each message 
must be transmitted in a continuous stream. Hie format for each byte ;in RTU mode is 
explained in the Table 14.11 and it is shown in Kg. 1425. 


Parameter 

Format 

Coding System 

S-bl| binary, hexadecimal 0-9, A-tF 

Two 4-Wt hexadecimal characters contained in each (Mail 
Feld of the message 

Bits per Byte 

1 start bit 

S data bit*, teasl significant bit sent firs! 

1 bit tor sverVodd parity; no bit for na parity 

1 atop bit if parity is used; 2 bits if ra parity 

Error Check 

Field 

Cyclical Redundancy Check (CRC) 


Table 14.11 
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Pig. 142$ Format for byte In RLU mods 


14.10,4 Modbus Message Framing 

In either of the two serial transmission modes (ASCII or RTU), a Modbus message is 
placed, by the transmitting device into a frame that has a known beginning and ending 
point. This allows receiving devices to begin at the start of the message, read the address 
portion and determine which device is addressed (or all devices, if the message is 
broadcast), and to know when the message is completed. Partial messages can be detected 
and errors can be set as a result 

14.10.41 ASCII Framing 

In ASCH mode, messages start with a 'colon x ( : ) character (ASCII 3A hex), and end 
with a "carriage return - line feed' (CRLF) pair (ASCH GU and OA hex respectively). 


'°PV 


riohtt 


kJ mi 


iterial 


































Microprocessor & Mlerocc n tro! ter ®yetann 14 - 25 


Buses and: Protocols 


For djl other fields hexadecimal characters 0—9 H A-F are allowed to transijut- 
Networked devices monitor the network bus continuously for the ''colon' character, When 
it is received, each device decodes the next field (the address field) to find Out if it is the 
addressed device Intervals of upto one second can elapse between characters within the 
message, If a greater interval occurs, the receiving device assumes an error has occurred. 
The Table 14,12 shows a typical message frame. 


START 

ADDRESS 

FUNCTION 

DATA 

IRC 

CHECK 

END 

1 CHAR 

2 CHAR 

2 CHAR 

n CHAR 

2 CHAR 

2 CHAR 
CRLF 


Table 14,12 ASCII message frame 


1410 4.2 RTU Framing 

In RTU mode, messages start with a silent interval of a t least 3,5 character times. This 
can he implemented as a multiple of character times at the baud rale that is being used on 
the network (shown as T1-T7-T3-T4 in the Table 1413), 


START 

ADDRESS 

FUNCTION 

DATA 

CRC 

CHECK 

END 

T1-T2-T3-T4 

9 BITS 

a BITS 

n * a BITS 

IB Bats 

T1-T2-T3-T4 


Table 14,13 RTU message frame 

The first held then transmitted is the device address. For ah other fields hexadecimal 
characters 0-9, A-F are allowed to transmit Networked devices monitor the network bus 
continuously,, including during the 'silent' intervals. When the first field (the address field) 
is received, each device decodes it to find out if it is the addressed device. Following the 
last transmitted character, a similar interval of at least 3,5 character times marks the end of 
the message, A new message can begin, after this interval, 

The entire message frame must be transmitted as a continuous stream. If a silent 
interval of more than 1.5 character times occurs before completion of the frame, die 
receiving device flushes the incomplete message and assumes that the next byte will be the 
address field of a new message. 

Similarly^ ii a new message begins earlier than 3-5 character times following a previous 
message, the receiving device will consider it a continuation of the previous message. This 
will set an error, as the value in the final CRC field will not be valid for the combined! 
messages. A typical message frame is as shown in. Table 14,13, 

14.10.4.3 More About Address Field 

We know that, the address fidd of a message frame contains two characters (ASCII) or 
eight bits (RTU). V ali d slave device addresses for address field, which art in the range of 
0- 247 decimal. The individual slave devices- are assigned addresses in the range of 
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1 — 247; A master addresses a slave by placing the slave address in the address field of the 
message. When the slave sends its response, it places its own address fit this address field 
of die response to let the master know which slave is responding. Address 0 is used for 
the broadcast: address, which all slave devices recognize. 

14,10.4,4 More About Function Field 

We know that, the function code field of a message frame contains two characters 
(ASCII) or eight bits (RTU), Valid codes for the function field are in the range of 
1 - 255 deci m al. In which, some codes are applicable to all Modicon controllers* while some 
codes apply only to certain models* and others are reserved for future use. When a 
message is sen! from a master to a slave device, the function code field tells foe slave what 
land of action to perform. Examples are : 

* to read the ON/OFF states of a group of discrete coils or inputs., 

* to read the data contents of a group of registers, 

» to read the diagnostic status of the slave, 

* to write to designated coils or registers, or 

* to allow loading, recording or verifying the program within, the slave. 

When the slave responds to the master, it uses the function code field to indicate 
either a normal (error-free) response or that some kind of error occurred (called an 
exception response). For a normal response, the slave simply sends the original function 
code. For an exception response, the slave returns the original function code with its 
most-sigruficant bit set to a logic I- 

For example. If master sends the DOCK) 0011 (Hexadecimal 03) as a function code to 
slave then — 

* If foe slave device takes foe requested action without error, it returns the same 
code in its response. 

* U an exception occurs, it returns : 1000 0011 (Hexadecimal S3), In addition to its 
modification of the function code for an exception response, the slave places a 
unique code into foe data field of the response message. This tells the master 
what kind of error occurred or the reason for the exceptkm- 

14.1H.4S Mora About [Ms Field 

The data field is constructed using sets of two hexadecimal digits, in the range of 
00 to FF hexadecimal. These can be made from a pair of ASCII characters, or from one 
RTU character, according to the network's serial transmission mode. 

The data field of messages sent from a master to slave devices contains additional 
information which the slave must use to take the action defined by foe function code. This 
can include items like discrete and register addresses, the quantity of items to be handled, 
and foe count of actual data bytes in foe field. 
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For example, if foe master requests a slave to read, a group of holding registers 
(function code 03), the data field specifics the starting: register and how many registers are 
to be read. If (he master writes to a group of registers in the slave (function code 10 
hoxadedmai), the data field specifies the starting register, how many registers to write, (he 
count of data bytes to follow In the data field, and foe data to be written into the registers. 
If no error occurs, foe data field of a response from a slave to a master contains the data 
requested. If an error occurs, the field contains an exception code that the master 
application can use to determine the next action to be taken. 

In certain kinds of message*, the function code alone specifies the action, In such 
messages, the length of the data field can be zero, 

14.104 6 More About Error €heddrifl Field 

The error checking field contents depend upon the iramsmission method that is being 
used either ASCII or RTU, 

ASCII 

In ASCII mode, (he error checking field contains two ASCII characters. The 'error check 
characters are (he result of a Longitudinal Redundancy Check (LRC) calculation foal & 
performed on (he message contents. The beginning 'colon' and terminating CRLF 
diameters are not considered in foe Longitudinal Redundancy Check, The LRC characters 
are appended to the message as the last field preceding foe CRLF characters. 

RTU 

In RTU mode, foe error checking field contains a 16-bit value implemented as two 
8-bit bytes. The error check value is the result of a Cyclical Redundancy Check calculation 
performed on foe message contents. The CRC field is appended, (low-order byte of the 
field is first followed by foe high-order byte) to foe message as foe last field in the 
message. 

14.10.5 Error Checking Methods 

Standard Modbus serial networks use two kinds of error cheeking : 

Parity checking : It (even, or odd) can be optionally applied to each character, 

Frame checking.: It (LRC or CRC) is applied to (he entire message. 

Both the character check and message frame checks are generated in foe master device 
and applied to foe message contents before transmission, Tire slave device checks each 
character and the entire message frame during reception, 

14,10.5.1 Partly Checking 

We can configure controllers for - Even Or Odd Parity checking, or for Mo Parity 
checking. The parity bit Will then fee set to a 0 or 1 to result in an Even or Odd total of 1 
bite 
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When the message is transmitted, the parity bit is determined and applied io the frame 
of each character. The receiving device counts the quantity of 1 bite and sets an error if 
they are not the same a? configured for that device (all devices on the Modbus network 
must be configured to use the same parity check method}. 

If No Parity checking is specified,, no parity bit is transmitted and no parity cheek can 
be made. An additional stop bit is transmitted to fill out the character frame, 

14.10-5-2 Frans Checking 

For checking the frame in the ASCII mode we have to perform the LRC check and in 
the RTU mode we have to perform CRC check, 

LRC Checking : The LRC field checks the contents, of the message, exclusive of the 
beginning 'colon'' and ending CRLF pair. It is applied regardless of any parity check 
method used for the individual characters of the message. 

The LRC field is one byte, containing an 8-bit binary value. The LRC value is 

calculated by the transmitting device, which appends the LRC to the message. The 

receiving device calculates an LRC dining reception of the message, and compares the 
calculated value to the actual value it received in the LRC field- If the two values are not 
equal, an error results. 

'The LRC is calculated by adding together successive 8-bit bytes of the message, 
discarding any carries, and then two's complementing the result. It is. performed on the 
ASCII message field contents excluding the .'colon'' character that begins the message, and 
excluding the CRLF pair at the end of the message. 

CRC Checking : The CRC field checks the contents of the entire message. It is applied 
regardless of any parity check method used for tire individual characters of the message- 

The CRC field is two bytes, containing a 16-bit binary value. The CRC value is 

calculated by the transmitting device, which appends the CRC to the message. The 

receiving device recalculates a CRC during reception of the message, and compares the 
calculated value to the actual value it received in the CRC field. If the two values are not 
equal, an error results. 

The CRC is started by first preloading a 16-bit register to all Ts. Thai a process begins 
of applying successive 8-bit bytes of the message to (he current contents of the register. 
Only the eight bits of data In each, character are used for generating; the CRC. Start and 
stop bits and the parity bit do not apply to the CRC, 

During generation of the CRC* each 8-bit character is exclusive Ofted with the register 
contents- Then the result is shifted in the direction of the least significant bit (LSB), with a 
zero filled into the most significant bit (MSB) position. The LSB is extracted and examined. 
If the L5B was a 1, the register b then exclusive OKed with a preset, fixed value, If the 
LSB was a 0, no exclusive OR takes place. This process is repeated until eight shifts have 
been performed. After the last (eighth) shift, the next 8-bit byte is exclusive ORed with the 
register's current value, and the process repeals fur eight more shifts as described above- 
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The- final contents of the register, after ell the bytes of the message have been applied, Is 
the CRC value. When the CRC Is appended lo the message, the low-order byte is 
appended first, followed by the high-order byte, 

14.11 IEEE 488 Standard 

The Hewlett-Packard interface bus (HFIB) was developed to interface smart test 
instruments such as digital voltmeter, signal generators, printers, display devices, etc. to 
the computer. In 1975 it was adopted as an IEEE standard and In 1978 it was revised to its 
present form and is now known ns IEEE 4$8 standard- It is often referred to at the 
General Purpose Interface Bus (GPIBJ. 

The standard defines three types of devices that may be connected on the GPIB i 
Talker, Listeners, and controllers 



Fig. 14.28 Bus structure of the GPIB 
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1, Talkers are devices capable of potting data onto (he bus for transmission to 
listeners or the controller in charge. Examples of talkers are tape readers, digital 
voltmeters, frequency counters,, and other measuring instruments. 

2, Listeners are devices capable of reading data on the bus output by talkers or the 
controller. Examples of listeners are printers, display devices, etc. 

3, Controllers are devices which determine who talks and who listens on the bus. The 
controllers a ls o program devices on the bus. 

Note : A device can be both talker and listener. 

Fig- 14,26 illustrates the bus structure of the GPIB, It has eight bidirectional data Lines 
supported by three handshake control signals and five-general purpose interface 
management Lines, The data lines are used to transfer data, addresses, commands, and 
status bytes among as many as 8 to 10 instruments. Fig. 14.27 shows the formats for the 
combination command address codes that a controller gam send to talker and listeners. 
Bit fi of these words is a don'i care, bits 7 and 6 specify which command is being sent, 
and bite 1 to 5 give the address of the talker or listener to which the command is to be 
sent. 
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X 
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UNTALK COMMAND 

X 

1 
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A® 

a 3 


*i 

SECONDARY COMMANDS 

X 

11 

1 

1 

1 

1 

1 

i 

IGNORED 


CODE FQR TYPE 7 OF COMMAND 

NOTES : THESE CODES ARE ONLY VALID WHEN ATN US LOW. 

ADDRESS 11111 CANNOT BE USED FORA LISTENER OR A TALKER 

Fig, 14,27 Foraiats for the combination command address codes 

For example, to enable a device at address 05 as a talker, the controller simply asserts 
the ATN line low and sen d s out a command address byte of Xl000101 on the data, bus. 

The five management lines of GPTB function as follows : 

1. Interface dear {IFQ t The interface clear line, when asserted by the controller, 
resets all devices on the bus to a initial state. 

2. Attention line (ATN) : The attention line, when asserted (fowl indicates that the 
controller is putting a universal command or an addressRcommand sudi as "listen 1 ' 
on the data bus. When ATN line is high, the data bus contains data or a status 
byte. 

3. Service Request (SRQ) : Service Request is similar to an interrupt. Any device that 
needs to transfer data on the bus asserts the SRQ line low. The controller then 
polls all the devices to determine which one needs service, 

4* Remote Enable (REN) ; By asserting remote enable signal, controller can directly 
control instruments rather than by its front panel switches. 
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5, End or Identify (EOl) : The end or identify signal is asserted by a talker to 
indica te dial the transfer of a block of date is complete. 

The three handshake signals data valid (DAV), not ready for data {NRFD), and not 
data accepted, (NDAQ are used to co-ord in ate the transfer of data bytes on the data bus. 

Upon Power on reset following sequence of operations ere performed, 

1. The controller takes control of the bos and sends out an !FC signal to set all 
instruments on the to a known state. 

2. The controller then sends out a series of commands with the ATM line asserts low, 

3. The controller then periodically checks the SRQ line for a wrvice request. If the 
SRQ tme is low, the controller polls each device on the bus one after another or all 
at once until it finds the device requesting service. 

4. When the controller determines the source of the SRQ,. it asserts the ATN line low 
and sends listener address commands to each listener that is to receive the data 
and. a talk address command to the talker that requested service. 

5. The controller then raises the ATN line high, and data is transferred, directly from 
the talker to the listeners using a double-handshake^ignai sequence. 

Fig, 14-38 shows the sequence of signals on the handshake lines for a transfer of data 
from a talker to several listeners. The talker asserts the DAV line low to- indicate that a 
valid data byte is on the bus, The addressed listeners then pull NRFD low and start 
accepting the data. The DAV, NRFD, and MDAC lines are ail open-collector. Therefore,, 
any listener can hold NRFD low to indicate that it is not ready for data or hold NDAC 
low to indicate that it has not accepted data byte. Due to common NDAC and NRFD 
signals the data transfer speed depends on the slower listener. When the slowest device 
accepts data byte, NRFD line is released high. The talker sence NRFD becoming high and 
asserts its DAV signal low, with date on data bus. The listeners pull NDAC low again, 
and sequence is repeated un til the talker has sent all the data bytes it has to send- 



Flq. 14.28 Sequence of signals on the handshake fines 
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Fig. 14.29 shows the 24 pm GPIB connector. Each of the eight control signals has a 
separate ground pin {EOT and REN share pin 24} and a shield or frame ground is also 
provided. These separate grounds and shielding is provided for noise immunity. 





FI®. 14.2$ GPIB connector 


Electrical characteristics of GPIB : 


1} Voltage levels 
2} Driver requirements 

3} Receiver requirements 

4} Noise immunity 

5} Data transfer rate 


: TTL compatible. 

: V c L <, 0.5 V at 43 mA sink current 
and V 5W £ 2-4 V at 5,2 mA source current 
: V, „ 3 2.0 V 

Vg L £ 0.8 ¥ 

: 0 3 V in Jow state 
0.4 ¥ In high state 

: 1 MB/sec for cable less than 15 m in length. 


Review Questions 

J. Qassify serial data Ira ns Mission. 

2. Explain asyttdmtmu serial coFnmwninfiion. 

1 Explain synchramm ferial communieaion.- 

4. Gme pin description of RS-232C D8-2SP connecter. 

5. Explain DB-9P amneclor. 

6. Hour data . is transmitted and received usi?r£ RS-2S2C 1 

7. Explain iniereonmotion between RS-232C and rflicrtttttlrellff. 
S- Write short note m 

1) RS-423-A 

2) RS^22-A 
m RSABB 

$. Compare different types of EM standards. 
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IfJL What are the features t'f Pc bus ? 

11. Giro *us of l^C bm, 

12. How data is transformed % i"C bus ? Explain with toning diagram. 

13. Giue different types ®f address formats of \ C bus. 

11 Wtoai are different modes of rc bm ? Explain my onecf them in demit. 

15. Write a note ofe r.J Y C fcjis ii) SFJ 

36. Explain clock polarity and dock pime in SPL 

17. What aw the advantages of SPi oner ! ? C 1 

IS. Expkm in detail different mode* in modulus preloads. 

IB, Explain rasuflidsis message framing. 

20. WrCi'j respect to Modbus explain error checking. 

21- Write 1 1 noir an IEEE 4$S standard, 
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15.1 Serial E EPROMs 

Serial EEPRGMs are small Elec Ironic ally Erasable Programmable Read Only 'Memory 
chips. These devices are usually used to store user configurable parameters and device 
serial numbers. They use a serial bus interface, which allows them to be packed m 
inexpensive 8 pin packages. 

It allows to Store a small amount of data in non-volatile nwnuirv, using nrtly a few of 
the port pins, and without raising the system's cost much. They are usually specified to 
retain the data for 10 yearn and to endure 100,000 write operations before failure. They 
only require a 5 volt power supply (some 3 V versions also exist). 

Because these chips use a serial interface, they cannot be read quickly enough to serve 
as conventional memory. In addition, a considerable length of time (milliseconds) is 
required to perform a write operation. They typically hold Jess than 1024 bytes of memory. 

15.2 Types of Serial EEPROM Chips 

There are several types of Serial EEFROMs, but most of them fall into either a 2-wire 
or 3-wire interface category. Usually, the 3-wire devices require an. addition wire {beyond 
the 3 for data transfer) for each chip to be used. The 2=wire interface, called 1 7 C or lit or 
1 square C uses only two wires, regardless of how many chips are attached. 1 2 C is a 
trademark of Philips. The three wire interfaces include SPI and Microwire, which is a 
trademark of National Semiconductor. 

15.3 EEPROM : 93C46/56/66 

The 93C46/56/66 provides 1024/2048/4096 bits of serial electrically erasable 
prograinmble read-*. Jy memory (EEPROM), organized as 64/128/256 of 16 bits each 
(when the ORG pin is connected to V^), and 128/ 256/512 words of 8 bite each (when the 
ORG pin is tied to ground), The device is optimized for use in many industrial and 
commercial applications where low-power and low-voltage operations are essential- The 
93C46/56/66 if available in space-saving 3-lead PDIF, 3-lead JF.DEC SQIC, 8-lead EIAJ 
SOIC, 8-lead MAP, fhlearf TSSQF, and S-lead dbGA2 packages, as shown in the Fig- 15.1. 
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F|g. 15.1 

The 93C46/56/6S is enabled, through the Chip Select pin (CS) and assessed via a 
three-wire serial interface consisting of Data Tnput (Dl), Data Output (DO), and Shift Clock 
(SK), Upon receiving a Read instruction at DL the address Is decoded and the data is 
clocked out serially on the DO pin. The Write cytLt* is completely self-timed, and no 
seperate Erase cycle is required before Write, The Write cycle Is only enabled when the 
part is in the Erase/Write Enable state- When CS is brought high following die initiation 
of a Write cycle, the DO pin outputs the Ready/Busy status of the part, 
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Hie Table 15-1 shows She pin oonsHgurahon of 93C46/56/66 EEPROM. 
Pin configurations 



Table 15,1 

The Fig. 15-2 show s the block diagram of 93CXX EEFROM- 

v ce GND 



D' 


Fig. 15.2 Block diagram 
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Functional Description 

The 93C46/56/66 is accessed via a simple and versatile three-wire serial 
communication interface. Device operation i$ controlled, by seven Instructions issued by the 
host processor. A valid instruction starts with a rising edge of CS and consists of a start 
bit (logic "11 followed by the appropriate opcode and the desired memory address 
location, 

READ (READ) i The Read (READ) instruction contains the address code for the 
memory location to be read. After the instruction and address are decoded, data from the 
selected memory location is available at the serial output pin IX>- Output data changes are 
synchronized with the rising edges of serial dock $K. It is important to note that a dummy 
bit (logic "ST) precedes the 1 8 or 16-bit data output string. 

ERASE (ERASE) i The Erase (ERASE) instruction programs all bits in the specified 
memory location to the logical *T H state, A logic "1" at pin DO indicates that the selected 
memory location has boon erased and the part is ready for another t ns true bon . 

WRITE (WRITE) i The Write (WRITE) instruction contains the 8 or 16-bits of data to 
be written into the .specified memory location.. A logic "0" at DO indicates that 
programming is still in progress. A logic T" indicates that the memory location at the 
specified address has been written with the data pattern contained in the instruction end 
the part is ready for further instructions. 

ERASE ALL (ERAL) : The Erase All (ERAL) Instruction programs every bit in the 
memory array to the logic "1" state. 

WRITE ALL (WEAL) : The Write AH (WRAL) instruction programs all memory 
locations with the data patterns specified in the instruction. 

ERASE/WRITE DISABLE (EWDS) : To protect against accidental data disturb, the 
Erase/Write Disable (EWDS) instruction disables all programming inodes and should be 
executed after all programming operations. The operation of the Read instruction, is 
independent of both the EWEN and EWDS instructions and can be executed at any time. 

93CXX Serial E EPROM interface 

The 93CXX may be connected to the 89CXQ51 microcontroller in either a 3-wire or 
4-wire configuration as shown in the Fig. 15.3. In the 3-wire configuration, the EE PROM 
serial data in (Dl) and serial data out (DO) pins arc both connected to the same 
microcontroller I/O pin, thereby saving a pin. This is possible because die microcontroller 
I/O pins can be dynamically reprogrammed as input or output. 
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AT4KXDS1 

ng 15,3 (a) 3-Wire configuration 

v cc 



ATBKXQS1 

Fig. 15.3 fb} Typical circuit cofiftgurdticm 

Let us see the connections of the 93CXX ORG pins shown in Fig. 15.3 (a) and 
Fig. 15.3 (b). The ORG (Internal organization) pin selects 8-bit data when grounded and 
16-bit data when floating or tied to Vcc The ORG pin connections shown in the figures 
are for illustration only; 8*bit or 16*bit data may be selected in either tire 3-wire or 4-wire 
imagination. 
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15.4 EEPROM : 24C16 

"Hie 2406 device is- 16,384 bits of CMOS non-volatile electrically erasable mem cry . 
Thls device conforms to all specifications in the Standard I J C 2-wire protocol and are 
designed to minimize device pin count, and simplify PC board layout requirements. 

This communication?; protocol uses CLOCK (SCL) and DATA 1/0 (SDA) lines to 
synchronously clock data between the master (for example a microcontroller) and the slave 
EEPROM devices). 

The Kg. 15.4 shows pin diagram for 2406 EEPROM, 


DuaM rvllna package [N| and! SO package (MS) 



TSSOP package jMTft) 

NC 

v ec 

NC 
NC 
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2 


7 

3 

NM24C16 
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5 


SCL 

SDA 

v ss 

MC 


The Table 15,2 gives the pin description for 2406 EEPROM, 


V S5 

Growd 

SDA 

Serial Data I/O 

50. 

Serial Clock input 

NC 

No Ccnnrction 

^CC 

Foww Supply 


Table 15.2 
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15,5 EEPROM : 24032/84 

The 2406/32/64 provides liK/32K/(4K bits of serial elgetricaEly erasable and 
programomble read only memory (EEPEOM) organized as 4096/8192 words of 8-bits tach. 
The device's cascadable feature allows upto 8 devices lo share a common 2-wire bus. 

The 24C 16/32/64 is available in space saving 8-pin JEDCC PDTP, 8-pin JEDEC SQlC, 
8-pin EIAJ SOIQ and Sjhpin TSSOP (AT24C64) packages and is accessed via a 2-wire serial 
interface. 
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8-Pin SOIC 
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Fig, 15,6 


The Table 15 3 shows the pin configuration for 24€ 16/32/64 EEFROM. 


Pin Name 

Function 

AO - A2 

Address Inputs 

SDA 

Serial Data 

SCL 

Serial Clock Input 

WP 

Write Protect 


Table 15.3 


Fin Description 

Serial Clock {SCO - The SCL input is used to positive edge dock data into each 
EEFROM device and negative edge dock data out of each device, 

Serial Data IS DA) : The SDA pin is bidirectional for serial data transfer. This pin is 
open-drain driven and may be wire-ORud with any number of other open-drain or open 
collector devices. 

Devioe/Fage Addresses (A % Al, AO! : The A2, At and AO pins are device address 
inputs that are hard wired or left not connected for hardware compatibility with 
AT24CXX. When the pins are hardwired, as many as eight 32. K/64 K devices may be 
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addressed <m a single bus system, when the pins are not hardwired,,, the default A 2 , A t 
mud A } are zero. 

Write Protect (WP) i The write protect input, when tied to GND, allows normal write 
operations. When WP is tied high to V cc , all write operations to the upper quadrant 
(S/16 K bits) of memory are inhibited. If left unconnected,. WP is internally pulled down to 
GMD. 

The Fig. 15.7 shows the block diagram for 24C32/64 EE FROM. 



Fig, 15.7 


24CXX Serial EEPR0M Interface 

The Fig. 15.S shows the 24CXX interface to SCSI microcontroller. The 24CXX EFPROM 
uses 1 2 C interface and I 2 C family of devices interfaces directly with Intel S051. 
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1 3 C E j PKC)Ms are 2-wire interface, nonvolatile memories ranging from 2K bite [24002} 
to 64K bits (24C64) in density. They adhere to the I a C protocol which uses 2 lines, a data 
(SDA) and serial dock (SCL) line for all transmissions-, as described in Chapter 14, 

The 24CQ2 E 2 FR0M has an 8 byte page write buffer and a write protect pin fee 
inadvertent write protection. The 24C04, 24C08 and 2406 devices have 16 byte page write 
buffers- Op to eight 24C02 devices, four 24004 devices, two 24C08 devices and one 2406 
device* may 'be connected to art I 2 C bus and. addressed independently- The 2402/64 has a 
32-byte Page Write buffer and up to eight devices may be connected to an 1 "C bus and 
addressed uvdependently Unique addressing Is accomplished through hard-wiring address 
pins AO, A1 and A2 on each device. 
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15.6 RTC DS1307 

The DS1307 Serial Rea! Tune Clock is a low-power, full BCD dock./calendar plus 
56 bytes of nonvolatile SRAM. In DS1307 address and data are transferred serially via the 
2-wire bi-directional bus. The clock/calendar of D51307 provides seconds, minutes, hours, 
day, date, month, and year information. The end of the month date is automatically 
adjusted for months with less than 31 days, including corrections for leap year. The dock 
operates, in either toe 24-hour or 12-hour format with AM/PM indicator. The 051307 has a 
built-in power sense circuit which detects power failures and automatically switches to the 
battery supply. 

15,6,1 Features of DS1307 

* Real time clock counts seconds, minutes, hours, date of month, month, day of 
week and year with leap year compensation valid up to 2.100. 

* 56 byte nonvolatile RAM for general data storage, 

* 2 - wire interface (I 2 C) compatible. 

* Automatic power fail detect 

* Consumes less than 500 nA in battery back-up mode.. 

* Optional Industrial temperature range :: - 40* C to + 35* C 

* Available in 8-pin plastic DIP or SO 

The Fig. 15.9 shows, the pin diagram of DS1307 RTC 



15*6.2 D51307 Operation 

The DS1307 operates as a slave device on the serial bus. Access is obtained by 
implementing a START condition and providing a device identification code followed by a 
register address. Subsequent registers can. be accessed sequentially until a STOP condition 
is executed, 
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15,6.3 OS 1307 Block Diagram 

The Fig. 1540 rfuws the block diagram of RTC DC1307. 



Fig* 15*10 Block diagram of RTC DS1307 


15.6*4 Signal Descriptions 

Vcc, GhlD - DC power is provided to the device on these pins. Vcc is the +5 volt 
input. When 5 volts is applied within normal limits, the device is fully accessible and data 
can be written and read. When a 3- volt battery is connected, to the device and V ct - :1s 
below 1*25 x V BAT , reads and writes, are inhibited. However, the Timekeeping function 
continues unaffected by the lower input voltage. As Vcc falls below V BAT the RAM and 
timekeeper are switched over to the external power supply (nominal 3*0 ¥ DC) at V» 

V BAT : Battery input for any standard 3 volt lithium cell or other energy source. 
Battery voltage must be held between 2.0 and 3,5 volts for proper operation, 

SO, (Serial Clock Input) : SCL is used to synchronize data movement on the serial 
interface, 

SDA (Serial Data Input/Output) : SPA Is the input/output pin for the 2-wire serial 
interface. The SDA pin is open dirain which requires an external pvtllup resistor. 
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SQWfOUT (Square W»«/Otilpii! Driver) : When enabled, the SQWE bit set to i, the 
SQW/OUT pin outputs one of four square wave frequencies {1 Ha, 4 kHz, S kHz, 32 kHz). 
The SQW/GLfT pin is open drain which requires an externa] pullup resistor. 

XI, X2 : Connections for a standard 32.76$ kHz quartz crystal 

15.6.5 RTC and RAM Address Map 

The address map tor the RTC and RAM registers of the- D51307 is shown in Fig, 15.11, 
The real time clock registers are located in address locations OOh to D7h. The RAM registers 
are located in address locations 03 h to 3Fh. During a rnultebyte access, when the address 
pointer reaches 3Fh, the end of RAM space, it wraps aroun-d to location 00h r the bepnoing 
of (he dock space. 



Fig. 15,11 D513Q7 address map 

15J,6 GI&cIe and Calender 

The time and calender information is obtained by reading the appropriate register 
bytes. The real time dock registers are illustrated in Fig. 15,12, The time and calender are 
set or initialized by writing the appropriate register bytes. The contents of the time and 
calender registers are in the Binary Coded Decimal (BCD) format. Bit 7 of Registers 0 is 
the dock Halt (CH) bit. When (Ms bit is set to a 1, (he oscillator is disabled. When cleared 
to a 0, the oscillator is enabled. 
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Please note that the initial power on state of all registers is not defined. Therefore it 
is important to enable the oscillator (CH bit - 01 during initial configuration. 

The IDS 1307 can be ran in cither 12 hour or 24 hour mode. Bit 6 of the hours register 
is defined as the 12 or 24 hour mode select bit When high, the 12 hour mode is selected. 
In die 13 hour mode, bit 5 is the AM/FM bit with logic high being PM, In the 24 hour 
mode, bit 5 is the second 10 hour bit (20-23 hours). 
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Fig. 15.12 DS1307 timsk«p#r registers 

15.6,7 Control Register 

The DS13Q7 Control Register is, used to control the operation of the SQW/OUT pin. 


BIT 7 

BIT 6 

BIT 5 

— 

BIT 4 

SIT 3 

SIT 2 

BIT 1 

BIT 0 

OUT 

X 

X 

SOWE 

X 

X 

RSI 

Ft SO 


OUT (Output control) s This bit controls the output level of the SQW/OUT pin when 
the square wave output is disabled. If SQWE - 0, the logic level on the SQW/OUT pin Is 
1 if OUT = 1 and is 0 if OUT - 0, 

SQWE (Square Wave Enable) : Hus bit, when set to a logic 1, will enable Hue 
Oscillator output, Hie frequency of the square wave output depends upon the value of the 
RSQ and RSI bits, 

RS (Rate Select) ; These bits control the frequency of the sqauie wave output when 
the square wave output has been enabled- Table 15-4 lists the square wave frequencies that 
can be selected with the RS bits-. 
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RSI 

RED 

SOW output 
frequency 

@ 

0 

1 Hz 

0 


4.D9B kHz 

1 

. 

0 

8.182 kHz 

1 

1 

32T60 KHz 


Table 15.4 Square wave output frequency 


15.6.8 2-Wire Serial Data Bus 

The DS1307 supports a bi-directional 2-wire bus and data transmission protocol, A 
device that sends data onto the bus is defined as a transmitter and a device receiving date 
as a receiver. The device that controls the message is called a master. The devices that are 
controlled by the master are referred to as slaves. The bus must be controlled by a master 
device which generates the serial dock (SCL), controls the bus access, and generates the 
START and, STOP conditions, Hie DS1307 operates as a slave on the 2-wire bus, A typical 
bus configuration using this 2-wire protocol is shown in Fig. 1513- 





JW/ire 
stnal data 
fcw* 


Fig. 15,13 Typical 2'Wire bus configuration 


"Hie DS1307 has the 2-wir£ bus connected to two I/O port pins of the microcontroller : 
SCI, - P1.0, SDA - Pl.1. The V BD voltage is 5 V, R p ■ 5 kH and the microcontroller is 
using a 12 MHz crystal. The other peripheral device could be any other device that 
recognizes (ht 2-wire protocol, such as She DS1621 Digital Thermometer and 'Thermostat. 
The interface with the microcontroller watt accomplished using the microcontrOIter Kit 
hardware and software. 


righted 







» _ i _ i 

Microprocessor & Micraeantrallar System 1 $ - 16 


Interfacing to EiPROK 1 
and RTC DS1307 


Chinny data transfer,, the data line must remain stable whenever the dock line is high. 
Changes in the data line while the dock line is high will be interpreted as control signals. 
Accordingly, the following bus conditions have been defined : 

Start data transfer : A change in the state of the data line from high to low, while the 
dock line is high, defines a START condition. 

Slop data transfer t A change in the state of the data line from low to high, while the 
dock line is high, defines the STOP condition. 

Data valid : The state of the data line represents valid data when, after a START 
condition, the data line is stable for the duration of the high period of the clock signal The 
data on the- line must be changed during the low period of the clock gignal Them is one 
dock pulse per bit of data. 

Each data transfer is initiated with a START condition and terminated with a STOP 
condition. The number of data bytes transferred between the START and the STOP 
conditions is not limited, and is determined by the master device- The information is 
transferred byte-wise and each receiver acknowledges with a ninth bit. 

Acknowledge ; Each receiving device, when addressed, is obliged to generate an 
acknowledge after the reception of each byte- The master device must generate an extra 
dock pulse which is. associated with this acknowledge bit. 

A devise that acknowledges must pull down the EDA line during the acknowledge 
clock pulse in such a way that the EDA line is stable low during the high period of the 
acknowledge (elated dock pulse. Of course, setup and hold times must be taken into 
account. A master must signal an end of data to the slave by not generating an 
acknowledge bit on the last byte that has been docked out of the slave. In this case;, the 
slave must leave the data line high to enable the master to generate the STOP condition, 

15.14 details how date transfer is accomplished on the 2-wire bus. Depending on 
the state of the R/aeiive-low W bit, two types of data transfer are possible : 

1+ Date transfer from a master transmitter to a slave receiver r The first byte 
transmitted by the master is the slave address. Next follows a number of data, 
bytes. The slave returns an acknowledge bit after each received byte, 'Data is 
transferred with the most significant bit (MSB) first. 

2. Data transfer from a slave transmitter to a master receiver i live first byte (the 
slave address) is transmitted by the master. The slave then returns an acknowledge 
bit. This is followed by the slave transmitting a number of data bytes. The master 
returns an acknowledge bit after all received bytes other than the- last byte. At the 
end of the last received byte, a not acknowledge is returned. 
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Fig. 15.14 Data transfer on 2-wire serial bus 

The master device generates all of the serial dock pulses and the START and STOP 
conditions. A transfer is ended with a STOP condition or with, a repeated START 
condition. Since a repeated START condition is also the begbtnitig of the next serial 
transfer, the bos will not be released. Data is transferred with the most significant Wt 
(MSB) first. 

15.6.9 Operating Modes of DS1307 

The D51307 may operate in the following two modes: 

1. Stave receiver mode (DS1307 write mode) s Serial data and dock are received 
through $DA and SCL. After each byte is received, an acknowledge bit is 
transmitted, START and STOP conditions are recognised as the beginning and end 
of a serial transfer. Address recognition is performed by hardware after reception 
of the slave address and direction bit as shown in Fig. 15-15, The address byte Is 
the first byte received after the start condition is generated by the master. The 
address byte contains the 7-bit D&1307 address, which is 1101000, followed by the 
direction bit (R/activeTow W) which for a write is a 0. After receiving and 
decoding the address byte, the BS1307 outputs an acknowledge on the SDA line. 
After the DS1307 acknowledges the slave address. + write bit the master transmits 
a register address to the DS1307. This will set the register pointer on the PS13Q7, 
The master will then begin transmitting each byte of date with the DS1307 
acknowledging each byte received. The master will generate a stop condition, to 
terminate the date write. 
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Fig. 15,15 Data write - slave receiver mode 
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2- Slave transmitter mode CPSU®? read mode) ; The first byte is received and 
handled as in the slave receiver mode- However, in this mode,, the direction bit 
will indicate that the transfer direction Is reversed.. Serial data, is transmitted on 
SDA by the DS1307 while the serial dock is input on $CL. START and STOP 
conditions are recognized as the beginning and end of a serial transfer as shown in 
Fig. 15.16, The address byte is the first byte received after the start condition is 
generated by the master,, The address byte contains the 7-bit DS1307 address, 
which is 1101000, followed by the direction bit (R/active-low W), which for a read 
is a 1. After iMemng and decoding (he address byte, the DS1307 inputs an 
acknowledge on the SDA line.. The 0513*07 then begins to transmit data starting 
with the register address pointed to by the register pointer. If (he register pointer 
is not written to before the initiation of a read mode, (he first address (hat is read 
ia the last one stored in the register pointer. The 051307 must be sent a 
Not-Aeknowledge bit by the master to terminate a read- 
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Fig. 15*16 Data read - slave transmitter mode 


Review Questions 

I. State the features of serial EEPKOAts. 

1 State the taw types ef tnier|iiw *ae& in serial EEPROM*. 

3 . Usi the features of B 3 CXX EEPROM- 

4, Draw md explain the interface between 93CXX EEPROM and microcontroller AT09CX051. 

5, Draw the block diagram of 93CXX EEPROM. 

6. Tipisrn tike Operation of 93CX.X controlled fry seven inslniLiitmf, issued fry microcontroller. 

7, Give the features of Z4C16 EEPROM- 

8. Give the features of 24C32M EEPROM. 

ft Draw and explain 24CXX semi EEPROM interface to 8051 microcontroller, 

10. List the futures of RTC DS13Q7. 

11. Drama and explain the typical 2-mre configuration used do interface DS13Q7 to the mtemtmtroUer. 

12. Explain the operating modes of DST30?. 
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16.1 Introduction 

In this chapter we are going to shady the advanced features provided, by the &GS1 
family rmcrocoiYtrollers, 

16.2 One^Tlme-Progr^mmable (OTP) Feature 

The chip is to be packaged by some material, which is called 'encapsulation' and 
material used is called as >ftcapstilifitV There: are two types of packages used for 
microcontrollers with EPROM control storage, ceramic packages and plastic packages, 
are familiar with an EPROM in ceramic package- It has a small window built to 
erasing the contents, of it. EPROM microcontio]lers are also available in plastic padu 
with no windows. These are referred to as one-time programmable (OTP) packages, 
selection of the appropriate option of the package, can have a significant impact on 
final application's cost, size and quality. 

plastic erwapsolante use an epoxy plotting compound. This is infected around a chip 
after If has been wired lo a lead frame. The lead frame becomes the pins on the package. 
The lead frame is wired to the chip via very thin aluminium wires which, are ultraso feta tty 
bonded to both, the chip and the lead frame. After hardening of the encapsulant, the chip 
is protected! from light, moisture and physical damage from the outside world. 

Fig. 16.1 shows OTP plastic and windowed ceramic package. 

Chqa pins 


Chip pins 



|Wirtdgwr| 
Wine bands 


Plastic encapBularrt 
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(a) OTP plastic package (b] Windowed ceramic package 

Fig. 16,1 Chip packaging 
(16 * 1} 
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Now we will discuss the advantages and disadvantages of OTP packaging over 
ceramic packaging. 

Advantages of OTP Packaging 

1. The OTP packages are cheaper than the ceramic packages. The cost of windowed 
ceramic packages is 10 times more than that for plastic packages so ceramic 
packaging is only suitable for uses such as application debugging, 

2. Using OTP' parts is advantageous for the card manufacturer. If the different 
products are to be manufactured with the same device, then unprogrammed parts 
are kept in stock and the burning process is performed only for the required, 
current build nm. This is a real advantage in terms of inventory carrying costs. In 
this case, instead of keeping a number of products of same type, the manufacturer 
just needs to keep the minimum number of parts on hand to satisfy their current 
orders for the different products. 

3. Most of the devices (ceramic packaging) are usually only available in a FTH (pin 
through hole) technology OTP (plastic devices) can be a very wide range. 

Disadvantages of OIF Packaging 

In OTP device, once the EPROM has been programmed, the device cannot be used for 
anything else. With windowed ceramic package, the EPROM tan be erased and 
reprogrammed. 

16.3 Features of 89C51 Microcontroller 

Let us see die features of 89C51 microconroller 

* 4 kbytes of on-chip flash program memory 

* Speed upto 33 MKt 

* Fully static operation 

* RAM expandable externally upto 64 kbytes 

* 4 interrupt priority levels. 

* 6 interrupt sources 

» Pour S-bit I/O ports 

* Pull-duplex enhanced UART 

— Framing error detection 
- Automatic address recognition 

* Three 16-bit timers /counters 
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* Power conrol modes 

- Clock can be stopped and resumed, 

- Idle mode 

- Power down mode 

* Programmable dock output 

* Second DPTR register 

* Asynchronous, port reset 

* Low EMI (inhibit ALE) 

* Wake up from power down by an external internpt 

16.4 Microcontroller - &9C51 RD 

16.4.1 Features and S9CS1 RD 

* On-chip Hash Program Memory upto 64 kbytes with In-System Programming 
(ISP) and In-Application Programming (IAP) capability. In-System Programming 
(ISP) allows die user to download new code while the micnxontroller site in the 
application. In-Application Programming (IAP) means that the microcontroller 
fetches new program code and reprograms itself while in the system. This allows 
for remote programming over a modem link. 

* Boot ROM contains low level Flash programming routines for downloading via 
the UART 

* Can be programmed by the end-user application (IAP) 

* 6 docks per machine cycle operation (standard) 

* 12 docks per machine cycle operation (optional) 

* Speed up to 20 MHz with 6 dock cycles per machine cycle (40 MHz equivalent 
performance); up to 33 MHz with 12 clocks per machine cycle. 

■ Fully static operation 

«• RAM expandable externally to 64 kB 

4 level priority interrupt 
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* 7 interrupt sources 

* Four 8-bit T/O ports 
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* Full-duplex enhanced UART 

- Framing error detection 

- Automatic address recognition 

» Power control mod® 

- Clock can be stopped and resumed 

- Idle mode 

- Power down mode 

* Programmable clock out 

* Second DPTR register 

* Asynchronous port reset 

* Low EMI (inhibit ALE) 

* Programmable Counter Amy (PCA) 

- PWM 

- Capture/compare 

16.4.2 Block Diagram 

The Fig. 16,2 shows the block diagram of SCO! family microprocessor and it shows 
added feature in bold letters. 

16.4.3 Stop Clock Mode 

This mode allows step-by-step utilization and permits reduced system power 
consumption by lowering the clock frequency down to any value. 

16.4.4 Enhanced UART 

In addition,, the UART can perform framing error detection by looking for trussing stop 
bits, and automatic address recognition- The UART also fully supports multiprocessor 
communication as does the standard 80C51 UART- 

When used lot framing error detection the UART looks for missing stop bits in the 
coinmunicatiorL. A missing bit will set the FE bit in the SCON register. The FE bit shares 
the SCON-7 bit with 5MQ and the function of SCON.7 is determined, by P'CGN.6 (SMODO) 
{see Fig, 16,3)- If SMODO is set then SCON ,7 functions as FE, SCON.? functions as SMO 
when SMODO is cleared.. When used as FE SCON-7 can only be cleared by software., This 
is illustrated in Fig, 16,4, 
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SCON Address ■ 9SH Reset Ualue * 0M0 QQOQB 


Bit Ac-Jressatjic 



SMDfFE 

SMI 

Sms 

BEN 

TBS 

BB0 

Tl 

Ri ] 

BiS t 

7 

6 

5 

4 

a 

2 

1 

0 


(SUODt) = 0/ir 

Fig, 16,3 &COH : Serial port control register 

Symbol _ Funttion _ 

PE Framing Error bit. This bit is set by tike receiver whan an. invalid stop bit is detected. The 

FE bit is net cleared by v»Gd frames but iteild be cleared fry software. The SMODO bii 

must be set to en ab le access to the PE bit 

SMO Serial Port Mode Bit Q, (5MGD0 must = 0 to access bit SMfl) 

SMI Serial Port Mode Bit 1 


SMD 

SMI 

Mode 

Description 

Baud Rate*' 

0 

0 

D 

shift register 

(q^/ 6 (6 clock mode) or f fjSl - ; /12 (12 





clock mode) 

{] 

1 

1 

E-bit DART 

variable 

1 

0 

2 

9-bit llART 

fo^/32 or ^/lfi (-6 dock mode) or 





^g/M or [[j.;,; j 32 (12 dock mode] 

$ 

3 

3 

9-hit DART 

variable 


SM2 Enables the Automatic Address Recognition feature in Modes 2 Or 3- If SM2 = 1 then RJ 
will not be set unless the received 9th data, bit (KBB) is 1, indicating an address, and the 
received byte is a Given or Broadcast Address. In Mode I, if SM2 — I then Rl will not be 
activated unless a valid stop bit was revived, and the received byte is a Given or 
Broadcast Address, In. Mode 0, £M2 should be 0, 

REN Enables serial reception. Set by .software to enable reception. Clear by software to ditilrie 

reception. 

TBS The 9th date bit that will be transmitted In Modes 2 and 3- Set or deal by software *s 
desired, 

RB@ lit modes 2 and 3, the 9th date bit that was received. In Mode 1, tf SM2 * 0, RB£ is the 
stop bit that was received. In Mode 0, RB3 is not used. 

H Transmit itteropf flag. Set by hardware at tiie end of the fith bit time in Mode Q* oar at 

the beginning of the stop bit in the other modes, in any serial hrarawHSSWfl, Must be 
cleared by software, 

Rl. Receive interrupt flag. Set by hardware at the end of the Bth bit time In Mode 0. or 

halfway through the stop bit time in. the other modes, in any serial reception (except see 
SM2J. Must be cleared by softwete- 

NOTE ; 

*$MODO is locate! at PCON6- 

**fua: = osollaitof frequency _ 
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pr a . 16.4 LfART framing error detection 



SCON 

(8flh} 


IN It ANT MODE 2 OR MODE 3 AND SM2 = 1: 

INTERRUPT IF REN - 1, RB6«1 AND 'RECEIVED ADDRESS" - "PROGRAMMED ADDRESS' 

- WHEN OWN ADDRESS RECEIVED, CLEAR SM2 TO RECEIVE DATA BYTES 

- WHIN ALL DATA BYTES HAVE B££N RECEIVED: SET SMZ TO WAIT FOR NE^T ADDRESS, 

Fig. 16.fi UART Multiprocessor communication, automatic address recognition 


16.4.5 Automatic Address Recognition 

Automatic Address Recognition is a feature which allows the UART to recognise 
certain addresses in the serial bit stream by using hardware to make the comparisons. This 
feature saves a great deal of software overhead by eliminating the need for tine software to 
examine every serial address which passes by the serial port. This feature is enabled by 
setting the $M2 bit in SCON, let the 9-bit UART modes, mode 2 and mode % the Receive 
Interrupt flag (RI) will be automatically set when the received byte contains either the 
"Given" address or the "Broadcast" address. The 9-bit mode requires that the 9th 
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information bit iy 1 t0 indicate that the rocL L Lvcd mfnrmEiticin i$ an addroHfi and not d ata. 

Automatic address recognition is shown in Fig- 16.5. 

Using the Automatic Address Recognition feature allows a master to selectively 
communicate with one or more sieves by invoking the Given, slave address or addresses. 

1©,4.§ Dual DPTR 

There are two 16-bit DFTR registers that address the external memory, and a single bit 
called DPS = AUXRl/bit 0 that allows the program code to switch between them. 

16.4.7 Programmable Countar Army (PCA) 

The Programmable Counter Array available on the B9C51 RB2/RC2/R02 is a special 
16-bit Timer that has five 16-bit capture/compare modules associated with, it, Each of the 
modules can be programmed, to operate in one of four modes : 

* Rising and/or falling edge capture 

* Software timer 

* High-speed output 

■ Pulse width modulator 

Each module has a pin associated with it in port L Module 0 is connected to 
PI .3(CEXQ), module 1 to Fi,4(CEXl), etc. The bask PCA configuration is shown in 
Fig. 16.6. 

The PCA timer is a common time baa; for ail five modules and can be programmed to 
nun at i 1/6 the oscillator frequency, 1/2 the oscillator frequency, the Timer 0 overflow, or 

til® input on the ECI pin (PI .2). 
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IB-BIT TIMER 
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s-firr PWM 

WATCHDOG TIMER (MODULE 4 ONLY) 
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Fig. 16.6 Programmable counter array (PCA) 
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Each module in the PCA has a special function, register associated with. it. Those 
registers are : CCAPMO for module G> CCAPMI for module 1, etc. The registers contain 
the bits that control the mode that each modulo will operate in- 

There are two additional registers associated with each of the PCA modules. They are 
CCAPnH and CCAPrtL and these are the registers that store the 16-bit count when a 
capture occurs or a compare should occur. When a module is used in the FWM mode 
these registers are used to control the duty cycle of the output. 

PCA Capture Mode 

To use one of the PCA modules in the capture mode either one or both of the CCAPM 
bits CAFN and CAFF for that module must be set The external CEX input for the module 
{on port 1) is sampled for a translhorL When a valid transition occurs,, the PCA hardware 
loads the value of the PCA counter registers (CH and CL) into She module's capture 
registers (CCAPnL and CCAPnH), If the CCFn bit Jot the module in the COON SFK and 
the ECCPn bit in the CCAPMn 5FR are set then an interrupt will he generated. This is 
shown in Fig, 16,7. 



Fig. 16.7 PCA capture mode 

16-bit Software Timer Mode 

The PCA modules can fee used m software timers by setting both the ECGM and MAT 
felts in the modules CCAPMn register. The PCA timer wifi be compared to the module's 
capture registers and when a match occurs an interrupt will occur if the CCFn {COON 
SFK) Smd the ECCFn (CCAPMn SFR) bite for the module are both Set. See Fig- 16-8. 
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High Speed Output Mode 

In this inode, the CEX output (on port 1) associated with the FCA module will toggle 
eadi time a match occurs between the PCA counter and the module's capture registers. To 
activate this mode the TOG, MAT, and ECOM bits in the module's CCAPMn SFR must be 
set. See Fig, 16,9. 



Fig, 16,9 PCA high speed output mode 
Pulse Width Modulator Mode 

All of the PCA modules can be used as FWM outputs. Kg. 16.10 shows the FWM 
function. The frequency of the Output depends on the source for the PCA timer. All of the 
modules will have the same frequency of output because they all share the PCA timer. 
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Fig, 16.10 F€A FWM mode 


The duty cycle of each module is independently variable using the module's capture 
register CCAPLn, When the value of fee PCA CL SFR is less than fee value in the 
module's CCAPLn SFR fee output will belowj when it is equal to or greater than the 
output will be high- When CL overflows from FF to 00, CCAPLn. is reloaded with the 
value in CCAPHtl This allows updating fee FWM without glitches. The FWM and ECOM 
bite in the module's CCAPMn register must be set to enable fee PWM mode, 

PCA Watchdog Timer 


An on-board watchdog timer is available wife the PCA to improve fee reliability of 
fee system without increasing; chip count. Watchdog timers are useful for systems feat are 
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tCIH} 


RESET 


CCAFMJ 
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Fig. 16.11 PDA watchdog timer mfmodula 4 only} 


Tiohted 






















Microprocessor & MEcrocontro I Ee r Systems 16-12 Con ceptual Study of 

Derivatlvss of Ml croeontnjller 

susceptible lo noise, power glitches,, or electrostatic discharge, Module 4 is the only PCA 
module that can be programmed as a watchdog. However, this module can still be used 
for other modes if the watchdog is not needed. 

Fig, 16,11 shows a diagram of how the watchdog works- The user pre-loads a 16*bit 
value in the compare registers Just like the other compare modes., this 16-bit value is 
compared to the PCA timer value If a match is allowed to occur, an internal reset will be 
generated, This will not cause the RST pin to be driven high* 

Expanded Data RAM Addressing 

The PS9C51RB2 / RC2 /RD2 has internal data memory that is mapped into four separate 
segment*: the tower 128 bytes of RAM, upper 128 bytes of RAM, 128 bytes Special, 
Function Register (SFR), and 2S6 bytes expanded RAM (ERAM) (768 bytes for the RD2), 

The four segments are : 

L The Lower 128 bytes of RAM (addresses ODH to 7FH) are directly and indirectly 
addressable, 

2, The Upper 128 bytes of RAM (addresses BOH to FPH) are indirectly addressable 
only, 

3, Tire Special Function Register, 5FH& (addresses 30H to FFH) am directly 
addressable only. 

4 The 256/768-bytes expanded RAM (ERAM, 00H - 1FFH/2FFH) are indirectly 
accessed by move external instruction, MOVX, and with the EX TRAM bit cleared, 

16.5 Microcontroller Supervisory Control 

Microcontroller supervisory control includes : 

* Clock circuit 

* Reset circuit 

* Circuit for demultiplexing [jf address and data buses 

* Buffering of data bus 

* Buffering of address bus 

« Generating control signals 

We have already discussed above dfcuite ta chapter 2 in connection with 8-bit 
microprocessor. We can use same circuits as supporting circuits for microcontroller 8061, 
expect circuit tor generating control signals. In reset circuits* we have discussed circuit for 
active high reset and active low reset 8061 is design tor active high react Therefore, we 
have to use active high reset circuitry in SQ51 based systems. 
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S05! provides PS1N signal to access external program memory and provides read (ED) 
and write (WR) signals to access external read/write memory. It provides built-in, I/O 
ports and specific address are assigned tor them. 

Review Questions 

1, Write a short note on QTP microcontrollers-. 

2 , Lint the features of 80C51 microcontroller. 

3, What is- stop dock mode ? 

4- What enhanced iJAKT facility iv tamhble in SQC51 HART ? 

5, What do you mean by automatic address rfco^nriiiJN t 

br Write dmi mrfes on 

a. Programmable Counter Army (PCA) 

b. Pulse zaidlh modulator 

c. Watdtttog timer 

d. Expanded data RAM addressing. 

7. Write a storif note on microcontroller tupetvuenj control. 
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17.1 Introduction 

Atmel Corporation is a leading manufacturer of Integrated Circuits (ICs)- AVR is the 
name of a microcontroller series that Atmel produces. Microcontrollers from this series are 
the RISC (Reduced Instruction Set Computers] microcontrollers. Recall that RISC 
fltic roprocessc rs / m icroc on troll e rs have very few ins true lions, and instructions are 
predominantly register-based. The AVR uses Harvard architecture, i.e,, they provide 
separate data and program memory' buses. Therefore,, AVR controllers have faster 
execution than 8051, 

Features of AVR Family Architecture 

1. Provides enhanced RISC architecture with mostly fixed-length instructions, 
load-store memory access. 

2. A RISC instruction set h combined with 32 general purpose working registers. 
Each register is connected to the ALU, allowing two independent registers la be 
accessed In a single instruction. This allows additions, subtractions, comparisons to 
be completed in a single dock cycle. 

3. Most of the instructions from the family are executed in only one cycle, 

4. Provides two stage instruction pipelining to speed the execution, 

5. Provides wide variety of on-chip peripherals such as programmable I/O, ADC, 
EE PROM,. Timer UART, RTC timer and pulse width modulator (PWM). 

6. Provides orndtip program and data memory- 

7. Provides facility of in-system programmability, In-System Programming (ISP) 
allows the user to download new code while the microcontroller site in the 
application. 

8. Available in ftipftt. to 64-pin package size to suit wide variety of applications- 

9. Provides upto 12 times performance speedup over conventional CISC controllers, 

10- Provides wide operation voltage range from 2.7 V - 6.0 V. 

In Otis chapter, we are going to study the architecture and register file of a popular 
AVR microcontroller AT90S2313, 
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17.2 Features of AT90S2313 Microcontroller 

The AT9CS2313 provides the following features : 

1, High performance CMOS 8-bit midoocmtroller based on the AVR enhanced RISC 
architecture, 

2, The- device is manufactured using Atme!'$ high-density nonvolatile memory 
technology. 

3, The AT90S2313 is designed with static logic for operation down to zero frequency. 

4, On chip oscillator and clock circultry- 

5, Operating Voltages : 2.7 - 6.0 V (AT9 OS 2313-4) and 4.0 - 6.0 V (AT9Q52313-1Q). 

6, Speed Grades : 0 - 4 M’Hz (AT90S2313-4) and 0 - 10 MHz (AT9QS2313-10). 

7, The on-chip In-System Programmable Rash allows the program memory to be 
reprogrammed in-system through an SPI serial interface or by a conventional 
nonvolatile memory programmer, 

8, By combining an. enhanced RISC 8-bit CPU with In-System Programmable Rash on 
a monolithic chip, the Atmei AT90S2313 is a powerful microcontroller that 
provides a highly flexible and cost-effective solution to many embedded control 
applications. 

9, On-chip program and data memory : 128 bytes HE PROM and 123 bytes SRAM. 

It). A rich instruction set combined with 32 general purpose working registers. 

11 Each register is connected to the ALU, allowing two Independent registers to be 
accessed in a single instruction. This allows additions, subtractions, comparisons to 
be completed in a single dock cycle. 

12. 15 general-purpose I/O lines. 

13. Flexible timer/counters with compare modes. 

14. Internal and eternal interrupts, 

15. A programmable serial full duplex UART. 

16. 10-hit Pulse Width Modulator (PWM). 

17. Programmable Watchdog Turner with internal oscillator, 

18. SPI serial port for Flash memory downloading, 

19. On-chip Analog Comparator. 

20. Provides two software selectable power-saving modes - Wle Mode and Power-down 
Mode. The Idle Mode stops the CPU while allowing the SRAM, timer/ counters, 
SF1 port and interrupt system to continue functioning. Hie Power-down Mode 
saves the register contents but freezes the oscillator, disabling ail other chip 
functions until the nest external interrupt or hardware reset. 
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21, The AT9052313 AVR is supported with a full suite of program and system 
development tools including; C compilers, macro assemblers, program 
debu gger/simulators, in-circuit emulators and evaluation kits, 

17.3 Architecture of AT9GS2313 

The Fig. 17,1 shows ihe architecture of AVR ATMS2313 micro trailer. As shown in the 
Fig- 17,1, it consists of instruction register, instruction decoder, program counter, ALU, 
32 general purpose working registers (register hie), status, and 'test registers, 1 K x 16 
program flash memory, 128 byte EEFKOM and 128 byte SRAM, 15 general~purpose I/O 
lines, 8-bit and 16-bit timer/counters with FWM, interrupt unit to handle internal and 
external Interrupts, serial UART, watchdog timer, SFI serial port for Flash memory 
downloading and analog comparator. 


Data bus 8-bit 



Fig. 17.1 Architecture of AVR AT9Q52313 microcontroller 
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General Purpose Registers {Register File} 

It has 32 % B-bit general-purpose working registers with a single dock cycle access 
time known as register file This means that during one single dock cycle, one ALU 
(Arithmetic Logic Unit) operation is executed. Two operands are output from the register 
file, the operation is executed and the result is stored hack, in the register file - in one dock 
cyde. 

Six of the 32 registers can be used as three 16-bit indirect address register pointers for 
data space addressing. One of the three address pointers is also used as the address 
pointer for the constant table look-up function. These added function registers are the 
16-bit X-register, Y-register and. Z-register. In the different addressing modes these address 
registers have functions as fixed displacement, automatic increment and decrement 

7 0 Aodress 

ODH 
01H 
02H 


ODH 

OEH 

OFH 

10H 

11H 


1AH X-ref ister Ipw byte 

1SH X-regist&r high byte 

1CH Y-regisler low byte 

1DH Y-rogister Nigh byte 

1EH Z-regiSEftr lew byte 

1FH Z-regi-Ster high byie 


General 

Purpose 

VVprWpg 

Registers 


m 

R1 

R2 

,,, 

R13 

Rid 

R15 

R16 

Rl7 

+ f a- 

R26 

R27 

R28 

R2 B 

R30 

R31 


Fig, 17,2 General Purpose Registers 

ALU 

The ALU supports arithmetic and logic functions between registers or between a 
constant and a register. Single register operations are also executed in the ALU- The 
high-performance AVR ALU operates in direct connection with ail the 32 general purpose 
working registers. Within a single dock cycle,- ALU operations between registers in the 
register file are executed. The ALU operations- are divided into three main categories - 
arithmetic, logical and bit functions. 


>rw 

■ r J 


righted 


ferial 






Mle roprocessor & Microcontroller System 17-5 


AVR Microcontrollers 


In-System Programmable Flash Program Memory 

The AT90S2313 contains 2 kbytes on-chip in-system programmable flash memory for 
program storage. Since all instructions, are 16 or 32-Mt words, Ihe Hash is organized as 
1 K x 16- The Flash memory has an endurance of at least 1,000 write/erase cydcs, 

Program Counter 

The AT90S2313 Program Counter (PC) is 10 bits wide, thus addressing the 1,024 
program memory addresses- 

eephom Data Memory 

The ATV032313 contains 12$ bytes of EEPROM data memory. It is organized as a 
separate date space in which single bytes Can be read and written. The EEPROM has an 
endurance of at least 100,000 write/erase cycles 

SRAM Data Memory 

The Fig. 17,3 shows the organization of date memory of AT9QS2313. As shown in the 
Fig- 17,3, the 224 date memory locations address the Register file, I/O memory and tire 
data SRAM, The first 96 locations address the Register P0e+ I/O Memory and die next 128 
locations address the data SRAM, 

Status Reg later — SREG 

The status register contains 8 flag bits that indicate the current state of the 
microcontroller. At reset all flag bits are at logic 0, These bits can be read or written by the 
program- The I/O address of status register Is 3FH (memory address location is 5FH), The 
Fig. 17-4 shows the bit positions of status registers. 
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0 


Fig. 17.4 Status register 

Various flags of status register (SREG) and their functions are given below : 

* Bit 7 — Cl) t Global Interrupt Enable : 

I = 1 : AH interrupts are enabled. 

I = 0 : AH interrupts, are dbaWed- 

Interrupte are enabled according to individual interrupt ■enable settings in a separate 
control register only if I-bit = 1, The 1-bit is cleared by hardware after an interrupt has 
occurred and is set by the RETT instruction to enable subsequent interrupts. 
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Register File Data Address Space 
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R30 


1EH 
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Fig. 17 k 3 Organization of data memory of AT30$2313 
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* Bit 6 - CD : Bit Copy Stooge 

The bit copy instructions BLD (Bit LoaD) and BST (Bit STorcJ use the T-bit as source 
and destination for the operated bit A bit from a register in the register file can. be copied 
into T by the BST instruction, and a bit in T can be copied into a bit in a register in the 
register file by the BLD instruction. 

* Bit 5 - (HJ : Half-carry Flag 

It indicates a half-carry in some arithmetic opera thins. 

* Bit 4 - (S> 3 sign Bit, £ = N ffl V 

The S-bit is always an elusive or between the negative flag N and the hvo r s 
complement overflow flag V. 

* Bit 3 - (V) : Two's Complement Overflow Flag 

It supports two's complement arithmetics. 

* Bit 2 - (Nt : Negative Rag 

ft indicates a negative result after the different arithmetic and! logic operations. 

■ Bit 1 - (Z) : Zero Flag 

It indicates s zero result after the different arithmetic and logic operations. 

* Bit 0 - (O : Carry Flag 


17.4 Memory Map of AVR AT9QS2313 


The Fig. 17.5 shows the internal memory map of AVR AT9QS2313. It consists of 
program flash memory of (1 K x 16), and data memory ( 32 general purpose working 


registers 4 64 I/O registers +128 x fi SRAM + 12S x S EEFRQM). 
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Fig. 17.5 Internal memory map of AVR AT90SZ313 
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17 £ Memory Access and Instruction Execution 

The AVR AT90S2313 mm two Stage pipelining The Fig. 17.6 shows the parallel 
instruction fetches and ins (motion executions enabled by the- Harvard architecture and the 
fast-access register file concept. This is the basic pipelining concept to obtain up to 1 MIPS. 

System Clock 0 

1st Instruction Fetch 

1st lnstfurik>rt Execute 
2nd Instruction Fetch 

2hd Instruction Execute 
Instruction Fetch 

Srd Instruction Execute 
4!h instruction Fateh 

Fig. 17,6 The parallel instruction fetches end instruction executions 

The fig. 17.7 shows the internal timing concept for the register file In a single clock 
cycle an ALU operation using two register operands is executed and the result is stored 
back to the destination register. 

System dock 0 
Total Execution Ti tie 
Register Operands Fetch 
ALU Operation Execute 
Result Write Back. 

Fig. 17.7 Singlo-cyclo ALU Operation 

The Internal data SRAM access is performed in two system dock cycles. This is 
illustrated in Fig. 176 
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Fig. 17.1 Internal date SRAM access 

17,6 I/D Memory 

All AT90S2313 I/O and peripherals are placed in the I/O space The I/O Inca Horn are 
accessed by the IN and OUT instructions transferring data between the' 32 general-purpose 
working registers and the I/O space, I/O registers within the address range 00H - 1FH are 
directly bit-accessible using the SBI and CBI instructions. In these registers, tibe value of 
single bits can be checked by using the SbIS and SBTC instructions. The I/O memory can 
be accessed in two ways - as an I/O register using the I/O specific commands or as a 
SRAM, When using the I/O specific commands IN and OUT/ the I/O addresses QQH - 3FH 
must be used- When addressing I/O registers as SRAM, 20H must be added to this 
address. The Table 17.1 shows the I/O space definition of the AT90S2313. 


Address Hex 

Name 

Function 

3Fn (5FH) 

5REG 

Status Register 

30H (SDH) 

SPfL 

Stack Pointer Low 

3BH (5BH) 

GWSK 

General Interrupt Mask Register 

3AH (5AHJ 

GfcFR 

General Interrupt Flag Register 

39H (S9HJ 

1“ - ' ' 1 

TIMSK 

l imedCounter Interrupt Mask Register 

30H (SSHJ 

TlFR 

Timer/Cou nter Interrupt Flag Register 

3SH (95HJ 

MCWR 

MCU genera! Control Register 

33H (S3H3 

TCCftD 

Timer/Ceuntar 0 Control Register 

32H (5ZH1 

TGNSTfl 

Timer/Countar 0 {fl-bll} 

2FH (4FH} 

TCCR1A 

TmeftfOowilw 1 Control Register A 

2EHI4EH) 

TCCR10 

TlnwtfCwinter 1 Control RegWer B 
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■ 1 1 

2DM (4DH) 

TCNT1H 

Tirnar/CovNTer t high Byte 

2CH (4CH) 

TCNT1L 

Tlmeri'CQgNTer 1 Lew Byte 

ZBH{4GH) 

OCR1AH 

Outpvt Compare Register 1 H^h Byte 

2AH (4AH) 

OCRtAL 

Oufpvf Compare Register 1 Lew Byte 

25H (45H) 

ICR1H 

Tj'C 1 input Capture Register Nigh Byte 

24H (44H) 

ICR1L 

Tj'C t Input Capture Register Low Byte 

21H (41H) 

WUIGR 

Watch Dog Timer Control Register 

1EH (3EH) 

EEAR 

EEPROU Address Register 

1DH (3 DM) 

EEDR 

EEPROM Data Register 

1CH (3CH) 

EECR 

EEPROM Control Register 

1SH (30H) 

PORTS 

Date Register. Pert 6 

17N (37M) 

DORS 

Date Direction Register. Pert B 

1SH (3GH) 

PENS 

Input Pina, Port B 

12H (32 H) 

PORTO 

Date Register, Pert D 

11H (31 Hj 

DDRD 

Date Dimdion Register, Port D 

10H OOH) 

PIMD 

Inputs Pin*, Pert D 

00HC2O1) 

UDR 

DART TO Data Register 

OBH (2BH) 

USR 

UART Status Register 

0AH (2AH) 

UCft 

UART Control Register 

09H (29H) 

UBRR 

UART Baud Rate Register 

OSH {2QH) 

ACSR 

Analog Comparator Control and Status 

Register 


Table 17.1 I/O space definition of the ATBQS2313 

Note : Reserved and unused locations are not shown in die table. 


17.7 Reset and Interrupt Handling 

Use AT90S2313 provides 10 different interrupt sources. These interrupts and the 
separate reset vector each have a separate program vector in the program memory space. 
AM the interrupts are assigned individual enable bits Shat must be set (me) together with 
the I - bit in the Status Register in order to enable the interrupt. The lowest addresses in 
the program memory space are automatically defined as the Reset and Interrupt vectors. 
The Table 17.2 shows the complete list of vectors alloted to interrupts. The list also 
determines the priority levels of the different interrupts. The lower the address, the higher 
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the priority level, BESET has the highest priority, and next is INTO- (the External Interrupt 
Request 0}., etc. 


Vector 

No. 

Program 

Address 

Source 

Interrupt Definition 

1 

OTOH 

RESET 

Hardware Pit?, Power-on Reset and Watchdog 
Rbm| 

2 

QQ1M 

INTO 

External Interrupt Request 0 

3 

002M 

INTI 

External Interrupt Request 1 

4 

003H 

TIMER1 CAFT1 

Taneri'Caunter 1 Capture Event 

5 

0O4H 

T1MER1 COMRl 

TimarVCounterl Compare Match 

B 

0O5H 

TJMER1 OVF1 

TWner/Counterl Overflow 

7 

GOSH 

TlMERO OVFO 

Timar/CounterQ Overflow 

B 

007H 

UART, RX 

UART. RX Complete 

9 

0oaH 

UART, WORE 

CART Data Register Empty 

10 

wdh 

UART, TX 

UART, TX Complete 

11 

O0AH 

ARACOMP 

Analog Comparator 


Table 17.2 Reset and Interrupt vectors 

The AT90S2313 has three sources of reset : 

* Power-on Reset 

* External Reset 

* Watchdog Reset 

17 + 8 Registers In AT80S2313 

17.8.1 General Interrupt Mask Register * GIMSK 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 

3BH(5BH) 

| INTI 

INTO 

- 

— 

- 

- 

1 “ 

— 

Read/Wrfto 

iR m 

RW 

R 

R 

R 

R 

R 

R 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 


Fig, 17,9 
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* Bit 7 - INTI i External Interrupt Request 1 Enable. 

When the INTI bit is set (one) and the I-blt in the Status Register (SREG) is set 
(one),the external pin interrupt is enabled. 

« Bit 6 - INTO : External Interrupt Request 0 Enable. 

When live INTO bit is set (one) and the I-bit in the Status Register (SREG) is set (one), 
the external pin interrupt is enabled, 

* Bits S - 0 ; Reserved Bits, 

17.6.2 General Interrupt FLAG Register - GIFR 


Bit 

7 

s 

0 

4 

3 

2 

1 

0 

3AH(5AH) 

1NTF1 

INTF0 

L^_ 

- 

- 

- 

- 

- 

Rsad/WritB 

RW 

fm 

PE 

R 

ft 

R 

R 

R 

Lnilial value 

0 

0 

0 

0 

0 

0 

0 

0 


Fig. 17,18 

* Bit 7/6 - INTFl/o : External Interrupt Hag 1/0, 

When an edge on the 1NT1/Q pin. triggers an interrupt request, the corresponding 
interrupt flag, INTEl/O, becomes set (one)- If the Tbit in SREG and die corresponding 
interrupt enable bit, INTI /0 bit in OMSK, art set (one), the MCU will Jump to the 
interrupt vector. The flag is cleared when the interrupt routine is executed. Alternatively, 
the flag can be cleared by writing a logical "1" to it 

■ Bits 5 - 0 : Reserved Bits* 


17.8.3 Timer/C&unter Interrupt Mask Register - TfMSK 


Bit 

7 

0 

5 

4 

I 

2 

1 

0 


TOIE1 

OCIE1A 


i 

| TEClEI 

- 

TOIEU 

— 

Read/Writa 

R/W 

R Ml 

R 

ft 

RW 

R 

r m 

R 

Initial value 

0 

0 

O 

0 

Q 

0 

0 

0 


Fig. 17.11 

* Bit 7 - TOIEl: Timer/Counter 1 Overflow Interrupt Enable. 

When (he TOIE1 bit is set (one) and the Tbit in the Status Register is set (one), the 
Tuner/Counterl Overflow Interrupt is enabled, 

* Bit 6 - OCIE1A: Tuner/Counterl Output Compare Match Interrupt Enable. 

When the OCIE.1A bit is set (one) and the Tbit in the Status Register is set (one), the 
Tuner/Counter 1 Compare Match Interrupt is enabled. 
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* Bit S - 4 i Reserved Bits* 

* Bit 3 - TTCIE1 : Timer/Counfcerl Input Capture Interrupt Enable, 

When the TlCIEl bit is set (one) and the 1-bit In the Status Register is set (one), the 
Timer/Co un ter 1 Input Capture Event Interrupt is enabled. 

* Bit 2 : Reserved Bib 

* Bit 1 - TOIEO r Timer/Counted) Overflow Interrupt Enable. 

When the TOIEO hit is set (one) and the I-bit in the Status Register is set {one}, the 
Timer/Counted) Overflow Interrupt is enabled. 

■ Bit 0 : Reserved Bit, 

17.64 Tinter/Counter Interrupt FLAG Register - TlFR 


Bit 

7 

6 

5 

4 

3 

2 

i 

0 

JSHfS&H) 

TQV1 

OCFIA 

- 

- 

jcfi 

- 

TO VO 

- 

ReadiWrils 

row 

row 

R 

R 

row 

R 

RW 

R 

Initial value 

0 

0 

0 

0 

0 

a 

0 

0 


Fig. 17.12 

* Bit 7 - TOV1: Timer/Counterl Overflow Flag 

The TOV1 is set (one) when an overflow occurs in Timer/ Coimter 1, 

* Bit 6 - GCFlA : Output Compare Hag HA. 

The OCFIA bit is set (one) when a compare match occurs, between the 
Timer/Courtter 1 and the data in QCR1A (Output Compare Regis ter 1A). 

* Bits 3*4: Reserved ills, 

* Bit 3 - IGF1: Input Capture Flag 1. 

The ICF1 bit is set (one) to flag an input capture event, indicating that the 
Timer/Counter! value has been transferred to the Input Capture Register (ICR1), 

* Bit 2 1 Reserved Bit 

* Bit 1 - T0VO ; Timer/CbunterO Overflow Flag 

The bit TOVG is set (one) when an overflow occurs in Timer/ CountetQ- 

* Bit 0 : Reserved Hit, 

Note : Flags ate cleared by hardware when executing the corresponding interrupt 
handling vector. Alternatively, they are cleared by writing a logical "I" to the flag. 
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17.S.I MCU Control Register - MCUCR 


an 

7 

6 

5 

4 

3 

2 

1 

0 

38H(55K) 

- 

- 

SE 

SM 

ISC11 

I5C1Q 

ISC431 

JSCOO j 

ReadfWrifre 

R 

R 

FtMr 

R/W 

FUW 

rvw 

ww 

fVW 

Initial value 

0 

Cl 

0 

0 

0 

Q 

Q 

0 


Fig. 17.13 

The MCU Control Register contains control bits for general MCU functions. 

* Bits 7 - 6 : Reserved Bits. 

* Bit S - SE : Sleep Enable. 

The SE bit must be set {one) to make the MCU enter the Sleep Mode when the SLEEP 
instruction is executed, 

* Bit 4 - SM : Sleep Mode 

This bit selects between the two available sleep inodes. 


SM = 0 Idle Mode, 

SM = 1 Power-down Mode. 

* Bits X2 - ISC11, IS CIO : Interrupt Sense Control 1 Bit 1 and Bit 0 


tsen 

IBC10 

Description 

0 

Cl 

The low level of INTI generates an interrupt request 

0 

1 

Reserved 

1 

0 

The faffing edge erf INTI generates an teteirupt request 

1 

1 

The rising edge of INTI generate* an Interrupt request 


* Bits l, 0 - 1SCQT ISCCO : Interrupt Sense Control 0 Bit 1 and Bit 0 


ISC01 

tSCOD 

Description 

0 

0 

The low level of INTO generates Inerruft request 

0 

1 

Reserved 

1 

0 

The fatting edge of INTO 1 generates m interrupt request 

1 

1 

The rising edge of UNTO generate* an interrupt request 


17.8.6 Timer/Counters Control Registers 

The AT90S2313 provides two general-purpose Hmera/Counters - one 8-bit T/C and 
one 16-bit T/C- Hie Timet/Courtters have individual prescaling selection from the same 
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10-bit presealing timer, loth Timer;' Counters can cither be used as a timer ivith an internal 
dock time base or as a counter with an external pin connection, that triggers the counting. 
Let U5 see the control registers for timer/counter*. 


17.11.1 TimeriCaunterl Control Register A - TCCR1A 


Bit 

7 

6 

5 

4 

a 

2 

1 

0 


CQMiA 

1 

COM1A 

0 

- 

- 

- 

- 

| PWM11 

PWMfC 

Raad/Writa 

r m 

R/W 

R 

R 

R 

R 

R/W 

RJW 

Initial value 

0 

0 

0 

0 

0 

Q 

D> 

Q 


TCCR1A 


Fig. 17.14 

* Bits - COMlAl, COMlAD: Compare Output Model, Bits 1 and 0 

The COMlAl! and. CQMIAQ control bite determine any output pin action following a 
compare match in Timer/Cminterl, Any output pin actions affect pin GO {Output 
Compare pin 1) (PB3), This is an alternative function to the I/O port, and the 
oorresponding direction control bit must be set (one) to control an output pin. The control 
configuration is shown in Table 17.3. 


COMlAl 

COM1AQ 

Description 

Q 

0 

Tima r/Cou nterl disconnected from output pin OCI 

0 

1 

Toggle the OCi output lira, 

1 

G 

Claar the OCI output lira |tO zero). 

1 

i 

Bet tno OCI output line (to one) 


Table 17.3 Compare 1 mode select 


• Bite 5-2 - Reserved Bite 

■ Bits 1,0 - PWMll, PWM10; Pulse Width Modulator Select Bits 
These bits select FWM operation of Tinter/Counterf as specified in Table 17,4, 


PWM11 

pwsiio 

Description 

0 

0 

PWM operation of TlmefiSCoynteft te 

0 

1 

Timer/Coyntafl Is- an 8-btt FWM 

t 

0 

Tlmer/C ounlcrl is a 9-Wt PWM 

1 

1 

TimerJCounturl is a IMjH PWM 


Table 17,4 PVUM mode select 


Tiohl 


material 


i 
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17,8.6.2 Tlmer/Counterl Control Register B - TCCR1B 


Sit 

7 

6 

5 

4 

3 

2 

1 

o 


2EN{4Eri) 

1C MCI 

ICE51 ! 

— 


CTCl 

CS12 

can 

CSlQ 

TCCR10 

Readi/Write 

RW 

aw 

R 

R 

RW 

RAM 

RW 

RW 


ln«a! value 

0 

0 

0 

0 

D 

0 

0 

0 



Fig. 17.1 i 

* Bit f - ICNO : Input Capture! Noise Canceller (4 CKs) 

When the ICNCl bit is cleared (zero), the input capture trigger noise canceller function 
is disabled. 

* Bit 6 — ICES! : Input Capture! Edge Select 

While the ICE51 bit is cleared (zero), the Timer/Counter! contents are transferred to 
the- Input Capture Register (ICR!) on the falling edge of the input capture pin (1CP). While 
the ICES! bit is set (one), the Timer/Counterl contents are transferred to due Input 
Capture Register (ICR!) On #16 firing edge of the input capture pin (JCP). 

* Bits 5, 4 : Reserved Bits 

■ Bit 1 - CTCl : Clear Timer/Counterl on Compare Match 

when the CTCl control bit is set (one),, the Timer/Counterl is reset to OOOOH in the 
dock cycle after a compareA match. If the CTCl control bit is cleared, Timer /Counter! 
continues counting and is unaffected by a compare match. 

■ Bits 2,1,0 - CS12, CS11, CS10 : Clock Select!, Bits % 1 and 0 

The Clock Select! bits 2, 1 Mid 0 define the prescaling source of Timer/Counterl, as 
shown in Table-17.5. 


C512 

0S11 

CS10 

Description 

0 

0 

0 

Stefi. Ehe TimorVCounlerl ia atappad 

0 

0 

1 

CK 

c 

1 

0 

CK7S 

0 

1 

1 

CKM4 

1 

0 

0 

— 

CK/256 

1 

0 

1 

CK/1Q24 

1 

1 

0 

External Pin T1, falling edge 

1 

1 

1 

External Pin T1. rising edg* 


Table 17.5 Clock 1 prescilt select 
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17JJ.3 TimeriCounterl - TCNT1H and TCMT1L 


Bit 

15 

14 

13 

12 

ii 

10 

9 

S 


2DB(4tM-IJ 

MSB 









2CH{4CH) 








LSB 

TGNTT1L 


7 

e 

5 

4 

3 

2 

i 

0 


ftead/Writa 

1W 

Ft/W 

row 

row 

row 

row 

row 

row 



STOW 

row 

row 

row 

row 

row 

row 

row 


Initial value 

0 

o 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 



Ro. 17.1a 


This 16-bit register contains the prescaled value of die l&bit Timer/Counter! * 

17*8.6.4 TlmerfCounlert Output Compare Register A - 0CR1AH and 0CR1AL 


8ft 

15 

14 

13 

12 

ii 

10 

9 

A 


2BH(4BH) 

MSB 








OCR1A 

H 

2AH(4AH) 








LSB 

OCR1AL 


7 

6 

5 

4 

3 

2 

! 

0 


RaaiWrta 

row 

row 

row 

row 

row 

row 

row 

row 



row 

row 

row 

row 

row 

row 

row 

row 


initial value 

0 

0 

0 

0 

0 

0 

0 

a 



0 

0 

0 

0 

0 

o 

0 

0 



Fig. 17,17 

Use output compart register is a 16-bit read /write register. The Timer/Co unierl 
Output Compare Register contains the date to he continuously compared with 

Hmer/Counterl. 
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17JJJ TEmeriCou uteri Input Capture Register - ICR1H and (CRH. 


m 

16 

14 

13 

12 

11 

10 

9 

fl 


25H(45H) 

MSB 








ICR1H 

24H(44H) 








ise 

ICR l L 


7 

6 

5 

4 

3 

2 

1 

•0 


ReaSWrite 

R 

R 

R 

R 

R 

R 

R 

R 

L 


R 

R 

R 

R 

R 

R 

R 

R 

i 

Mai value 

6 

0 

0 

0 

0 

6 

0 

6 

i 

1 


6 

Cl 

fi 

0 

6 

6 

0 




Fig, 17.1 B 

The inpyt capture register is a 16-bit lead^nly register. When the rising or falling edge 
{according to the input capture edge setting [ICESlJ) of the signal at the input capture pin 
acF) is detected, the current value of the Timer/Counter! is transferred to the Input 
Capture Register (ICR1). At the same time, the- input capture flag (ICF1) is set (one). 

17 * 8*7 Watchdog Timor Control Register - WDTCR 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


21H (41H) 

- 

“ 

- 

WDTOE 

WDE 

WDP2 

WDPI 

WDRO 

WDTCR 

Read/Writa 

R 

R 

R 

RM 

RW 

RW 

R/W 

RIW 


Initial value 

0 

0 

0 

Q 

0 

0 

0 

0 



Fig* 17.18 

• Bits 7-5 - Reserved Bits 

• Bit 4 - WDTOE : Watchdog Turn-off Enable 

Hus bit must be set (one) when the WDE bit is cleared, Otherwise, the Watchdog will 
not be disabled., Once set, hardware will dear this bit to zero after four dock cycles. Refer 
to the description of the WDE bit for a Watchdog disable pn cedure. 

• Bit 3 - WDE i Watchdog Enable 

When the WDE is set (one) the Watchdog Timer is enabled, and if the WDE is cleared 
(zero), the 'Watchdog Timer function is disabled, 

• Bits 7-0 - WDP2, WDPI, WPPO : Watchdog Timer Frescaler 2 f 1 and 0 

The WDP2, WDPI and WDPO bits determine the Watchdog Timer prescaling when the 
Watchdog Timer is enabled. The different prescaling values and their corresponding 
time-out periods are shown in Table 17,6, 
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WDP2 

WDP1 

WDPO 

Number of WDT 
O&dilator Cycles 

Typical Tlma-out 
eft Vcc ■ 3.0 V 

Typical Tlma-out 
at V M p 5.0 V 

0 

0 

0 

10K eyde* 

47 ms 

15 ma 

0 

o 

1 

32K cydee 

94 ms 

30 ms 

0 

1 

0 

64K cycles 

0.19 s 

50 ms 

0 

1 

1 

128K cycles 

0.38 s 

0.12 s 

t 

0 

0 

25SK cycles 

0.75 % 

0.24 s 

1 

0 

1 

512K cycles 

1.5 5 

0 40 a 

1 

1 

0 

1.024K cycles 

3.0 s 

0.07 a 

t 

1 

1 

2„04BK eydw 

6.0 H 

1.8 a 


Table 17 3 Watchdog Timer Prescale Select 

17.8.8 EEPROM Read Write Access Registers 

The UPROM access registers are accessible in the I/O space. 


17.0.8.1 EEPROM Address Register - EEAR 


Bit 

7 

e 

5 

4 

3 

2 

1 

0 


1EH p£H) 

1 

- I 

i-1 

EEAR6 

GEARS■ 

EEAR4| 

EEAR3 

BEAR2 

EEARl 

GEARS 

EEAR 

Raad/Write 

R 

RJW 

R JW 

RjW 

fUW 

RJW 

ROT 

R W 


Initial value 

0 

0 

0 

0 

0 

0 

0 

0 


* Bit 7“Reserved Bit 


Fig. 17„20 





• Bit 6-0 - EEAR6-G : EEPROM Address 






The EEPROM Address Register (EEAR6-0) specifies the EEPROM address to 
128 bytes EEPROM space. 

17.5,8.2 EEPROM Data Register - EEDR 







Bit 

7 

6 

5 

4 

3 

2 

1 

0 


1DH {30HJ 

MSB 







USB 

EEDR 

RaadfWri'la 

WW 

RW 

RJW 

RJW 

H/W 

RJW 

RMT 

RJW 


Initial value 

0 

0 

0 

0 

0 

0 

0 

0 



Fig. 17J1 

* Sit 7-0 - EEDR7-0 : EEPROM Data 


avnahte 








Microprocessor & Microcontroller System 17«20 


AVK MicrocontrolIsFs 


1MJ.3 Wmm Control Register - EECR 


tCH (3CH) 
Rsed/Wfta 


EEMWE E mm EER6 EECR 


FVW R/W WW 


Initial vata# 


Fig. 17 .n 


* Bit 7-3-Reserved Bits 


Review Questions 

J. Sidle i&e features f AVR firmly anAffeclKre, 

1. Staff the features of AY90S2313 microcontroller. 

3- Draw and es^fiam the architecture if AT90S2313 mtemcmtroUsr, 

4, Dram and explain the organization of data memory of AT$Q$2313 mkm&ntrdkr, 

5, Dr/m end explain the internal memory map of AT90S2313 mteroemtetfter, 

6, Explain venous flags of status register efAT3052S13 flifOTomlraUer, 

7, Explain memory access end instruction execution rotated to AT90S2313 microcontroller. 

8, Write a short note art I/O memory of A7WS2313 mkrmmirolkr, 

$, Explain various sources sf interrupts m AT$#S23lJ mKreGOPTlraller^ 

J§, lisf the sources presets in AT9CS2313 mkrocontmticr. 

11. Explam any law? register formats if AT9HS2313 microcontroller, 


□□□ 
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liJ Introduction 

In chapter 7, we have studied a microcontroller SCSI- Peripheral Interface Controller 
(FTC) is a term introduced by Microchip Technology, ft is a family of low-cost high 
performance, CMOS, fully-static microcontroDers, They have interesting and attractive 
features which are suitable for a wide range of applications.. A number of PIC parts and 
versions are available in the market In this chapter, first we will study the newly 
introduced features of FTC miotwontroller. Then, our focus will be the FIC16C6X and 
PIC16C7X family. 

18.2 Features of PIC Microcontrollers 

Hie features of FlC microcontrollers because of which they have been successful in the 
market-place are discussed here, 

1, Harvard Arcfiitoetura 

FlC uses Harvard architecture and they are high performance RISC processors. 
Harvard architecture has the program memory and data memory as separate memories 
and are accessed from separate buses. This improves bandwidth over, traditional 
Von-Neumann architecture in wMch program and data are fetched from, the same memory 
using the same bus. To execute an Instruction, a Von^Neumann machine must make one or 
more (generally more) accesses across the 3-bat bus to fetch the instruction. Then data may 
need to be fetched, operated on, and possibly written. As can be seen from this 
description, that bus can be extremely congested. While with a Harvard architecture, the 
instruction is fetched in a single instruction cycle (all 14-bits). While the program memory 
is being accessed, the data memory is on an independent bus and can be read and written. 
These separated buses allow one instruction to execute while the next instruction is 
fetched, A comparison of Harvard vs, VotvNeumann. architectures is shown in Fig, 18,1, 


(1i - 1J 
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Harvard 


Von.Neumann 



Fig. 18.1 Harvard Vs* Von-Naumann block architectures 

The 8051 uses Vcm-Neumann architecture. On the other hand, AVR and PIC 
rmcrocontrotlers use Harvard architecture. 

2, Register File Architecture 

Tht register files/data memory can be directly or indirectly addressed. All special 
function registers,, including the program counter, are mapped in the data memory. 

3. Instruction Set Simplicity 

a, Reduced instruction, set : 

The instruction set of PIC consists of only 3® instructions, 

[>, Orthogonal {symmetric) Instructions : 

The instructions are orthogonal. It is possible to cany out any operation on any 
register using any addressing mode when the instructions are orthogonal. The format of 
almost all instructions is same. So all PIC registers and addressing modes can be used 
interchangeably, Also, the choices of opcode, register and addressing mode are mutually 
independent. The instruction sot is well designed and highly orthogonal, so the required 
tasks can be performed with fewer instructions. 

Hie programmer can easily loam and remember such an instruction set with fewer 
instructions and programming can be done quickly and effi.den.tly- 

c. Single cycle instructions i 

The program memory bus is 14-bits wide in PIC, The entire instruction is fetched fa a 
single machine cycle. All the required information is contained within an instruction and is 
executed in a single cycle. 

d. High speed of instruction execution r 

When PIC is operated at its maximum dock rate, almost each instruction can be 
executed within. 0.2 ps or five instructions can be executed per microsecond- 

t. Less number of pulses per machine cycle : 

We have seen that machine cycle fa microcontmUjaf 8051 consists of 12 dock pulses. 
Hie machine cyde of PIC consists of only 4 dock pubes. 
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f, Single word instructions : 

Typically in Von-bJeumann ardii lecture, most: instructions am multi byte, Each 
instruction may take multiple bytes, so them is no assurance that each, location is a valid 
instruction. 

PIC uses Harvard architecture and single word instructions, The opcodes are 14-bits 
wide A 14-bit wide program memory access bus fetches a 14—bit instruction in a single 
cycle. The number of words of program memory locations equals die number of 
instructions for the device. This means that at] locations are valid instructions, 

g. Long word instructions ; 

PIC instruction set contains long word instructions. Long word instructions have a 
wider (more hits) instruction bus than 8-bit Data Memory Bus. These two different width 
buses are possible because of Harvard architecture. Also, it allows instructions to be sired 
differently titan 8-bit wide data word- The program memory width is optimized to the 
architectural requirements and hence the program memory can be used more efficiently, 

4. EPROM Saloctablo Operating Frequency 

A low cost KC circuit or a quartz crystal or a ceramic resonator is used for the 
generation of dock. In PIC, the oscillator options are EPROM selectable. The fully static 
design of PIC allows the selection of operating frequency from the specified range of 
frequencies- The oscillator dock may be stopped at any instant and may be restored back- 

fi. Integration of Operational Features 

a. Built-in power-on-re set 

PIC has a built-in power-on-reset, 

b. Brown-out-reset 

PIC has a brown-out-reset A brown-out-reset feature causes a reset of the PIC when 
the power supply voltage drops below 4 V or so. 

Power-on-reset and brown-out-ieset protections ensure that the PIC-chip operates only 
when the supply voltage is within specification. 

c. Watchdog tuner (WDT) 

Watchdog timer is a special timer with specific function. It is used to prevent software 
crashes, i.e. endless loop, 

d. Power saving SLEEP mode 

The PIC can put itself to sleep to save power during intervals when it has nothing to 
do. Thus, PIC supports a power saving SLEEP mode. A software command allows the PIC 
to enter into this mode. The PIC remains in SLEEP mode till it is reset again. 
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€. Prog rammah]o Timor Options 

There are three versatile timers in PIC which perform the fallowing functions, 

■ Characterize inputs 

* Control outputs 

* Provide internal tuning for program execution 

T. Interrupt Control 

The PIC can control up to 12 independent interrupt sources. 

S. ADC Function 

Analog to digital conversion function is supported by most of the FICs. 

9. Powerful Output Pin Control 

A single instruction of PIC can select and drive a single output pin high or low in its 
instruction execution time (0-2 ps). A load of up to 25 mA can be driven by this pin, 

10. WO Port Expansion 

There is a built-in serial peripheral interface. 

11. Serial Programming via Two Pins 

12. EPROM/OTP/ROM Options 

Development in PIC is supported by Erasable Programmable Read Only Memory 
(EPROM) parts. It also supports lower-cost one-time programmable (OTP) parts fat both, 
small and large production runs. The very low-cost RGMed parte are supported far very 
large runs. 

IS, Low Power Consumption 

For PIC1&C6X and 16C7X, the operating voltage range is 3 V - 6 V. The power 
consumption is very low. PIC16C6X takes less than 2 ciA at 5 V and 4 MHz oscillator 
frequency and PIC16C7X takes 15 pA at 3 V and 32 kHz oscillator frequency. 


The Table 13.1 gives different features of FlC parts. 


FIC Future 

PIC1GC41 

PIC1GCSS 

PK18C71 

PIC1SC74A 

Program Memory X 14 

1 K 

3 K 

t K 

4 K 

DhU Memory ,X fl 

36 Bytes 


36 Bytes 

192 Bytes 

I/O Pins 

13 

22 

13 

33 

Number Of InStmcirona 

14-rn. 

35 Instructions. 

14-blt, 

35 Instructions 

35 Instructions 

! 

14-bit, 

35 Instructions 

Timer Modules 

1 + WDT 

3 + VTOT 

t + WtJT 

3 + WCfT 
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Puaital Slava Port 

— 

— 


Yea 

' CaptiiralCoinparaffW 
; M Modules) 

1 

3 

— 

2 

i Serial Communication 

- 

SPl/c, 

USAJRT 

- 

SPI^C. 

USAFfT 

In-Cincuit Serial 
Programming 

Yes 

Yes 

Yea 

Yea 

Brown-a ut-fteaei 

— 

Yag 

* 

Yea 

Inlerrupl Sources 

a 

10 

4 

n 

Maximum Speed 

20 MHz 

ajMttt 

20 MHz 

20 MHz 

Additional Features 


Power-on-reset 

4- otiannels of 

5- bit ADC 

^■channels, 

won mc t 

Powor-on-resat 


Table 15.1 PIC parts wtth features 


IS.3 PIC16CXX 

PIC16CXX are 8-bit microcontroliers- First we will discuss different features of 
FTC16C6X microcontrolier as an example ol PIC16CXX family. Then we will study the 
details of FIC16C61 mictocontrailer, 

10,3.1 Features of 16C6X Microcontroller 

In this section we will discuss d if ferent features of PIC16C6X sedes. 

1&J.11 Core Features 

The ewe features of PIC16C6X microcontroller are slated below. 

1. It is RISC processor and uses Harvard Architecture. 

Z The instruction set of FICJ6C6X consists of only 35 single word instructions, 

3. All instructions art single cycle instructions except for program branches which ate 
two-cycle, 

4, It has interrupt capability. 

3. Its operating speed is, 

DC - 20 MHz dock input, 

PC - 200 ns instruction cycle 

6. It has eight level deep hardware stack. 

7. It supports direct, indirect and relative addressing modes. 

8. It has inbuild Power-on-Rcset (FOR). 

9. It includes Power-up Timer CFWRTji and Ctedllator Start-up Timer (GST). 
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10. It also contains Watchdog Timer (WDT) with Us own on-chip RC oscillator for 
reliable operation. 

11- It has programmable code protection- 

12. II supports a power saving SLEEP mode. 

13. II has selectable oscillator options. 

14. It includes low power, high speed CMOS EPROM/ROM, 

15. Its design is hilly static. 

16- It operates on wide voltage range : 2-5 V to 6.0 V. 

17, It can be operated al commercial, industrial and extended temperature ranges. 

18, Power consumption is low. 

< 2 mA @ 5 V, 4 MHz 

15 pA typical « 3 V, 32 kHz 

< 1 ]iA typical standby current. 

18,3,1.2 Peripheral Features 

The peripheral features of PIC16C6X microcontroller are stated below. 

1. It includes three timers. 

a. Timer O' It is 6-bit timer/court ter with 8-bit prescater 

b. Timer 1 ; It is 16-bit timer/counter with prescaler. It can be incremented 

during SLEEP mode via external crystal /clock, 

c. Timer 2 i It is 84sit timer/counter with g-bit period register, prescaler and 

postscaler, 

2, It includes Capture/Compare/PWM (CCF) module^). 

a. Capture module : It is 16-bit with max resolution 12J ns- 

b. Compare module : II is 16-bit with max resolution 200 ns. 

«. FWM module ? Max. resolution is 10-bit. 

3, It has Synchronous Serial Fort (BSP) with SPI and PC, 

4. It contains Universal Synchronous Asynchronous Receiver Tansmitter (USART/SO). 

5. It has Parallel Slave Port (PSP) which is 8-bifS wide and it has external RB, WR 
and CS controls. 

6, II contains Rrown-oul detection circuitry for Brown-out Reset (BOR), 
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18 JJ Block Diagram 

Fig, 18,2 shows the block diagram of FlCl^Cbl. 



ata fromlh* 
STATUS retwr 


Fig. 18J PIC16C61 block diagram 

1B.311 Harvard ArchHecture 

FI Cl 6051 ases a Harvard architecture in which program and data are accessed from 
separate memories wing separate buses. 

18.311 Address end Data Bus 

Address bus in PIC16C61 is 14-bit wide. So it can access 1 K s 14 of program memory. 

All. program memory is inter™!. Data bus in FJC1GC61 is S-bite wide. 
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18.3.2.3 ALU 

The PIC16C61 contains 8-bit ALU. It is capable of performing arithmetic operations 
such as add, subtract shift and logical operations. Unless otherwise mentioned, arithmetic 
Opertions are two's complement in nature. The inputs to the ALU are applied, from two 
registers. In two-operand instructions, typically one operand is in the working register 
(W register) and the other operand Is in a file register or an immediate constant In single 
operand instructions, the operand is either in the W register or in a file register. The ALU 
may affect the values of bits in STATUS register {Cany bit, Digit cany bit, Zero bit) 
depending upon the instructions executed. 


18,3.24 



Table 18,2 gives the CPU negaters in PIC16C61 with their widths. 


Sr. Wo, 

CPU Register 

Width 

1 

Workup Renter (W) 

(kbits 

2. 

Status Register 

B-bfts 

3. 

Fite Selection Register (FSR) [Indirect Mar-iory Address Pointer] 

B-WtS 

4. 

INDinct through FSR <1NDF) 

fkbtts 

5.. 

Program Counter isfcb (PCLATH) 

5-bits 

0. 

Program Counter Low Byte (FCL) 

B-bite 

7 . 

Program Counter Stack 

13-b.1s |S-lBvel} 


Table 18,2 CPU registers 

1, Working Register (W) 


The working register, W is 8-bitS wide. It is used for ALU opera dons. In two-operand 
instructions, typically one operand is in the working register (W). In single operand 
instructions, the operand is either in the W register or a file register. It i a not an 
addressable register. 

2. STATUS Register 

The STATUS register contains the arithmetic status of the ALU, the RESET status and 
the bank select bits for data, memory. The format of the status register is given below. 
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bit-7 : IHP : Register Bank Select bil (used tor indirect addressing) 

1 s Ban's 2, 3 <100H - 1FFH) 

0 * Bank 0. 1 (0QH - FFH) 

bit-6-5: RP1:RP0: Register Bank Select bits {used for tfiretf addressing) 

11 a ftank 3 [ISOH - iflFH) 

10 = Bank 2 (10DH - 17FH) 

01 - Bank 1 (BOH - FFH) 

00 * Bank 0 (dOH - TpiRjr 
Each bonk es 12$ bytes. 
bit-4: TO : tUrlft-CLIt HI 

1 a Aflsr pew&f-up, CUtWOT instrudion, or SLEEP ins!ruction 
0 » A WT time-out occurred 
WW: PO : Power-down bra 

1 * After gower-up or by the rr.fiwrrr inafruetten 
0 ■ By execuson of the sleep irustrucUort 
bit-2: Z: Zero bil 

i * The result of an arithmetic or logic operation is zero 

0 ® The retuft of an arithmetic or logic opewtiofl ft nefl zero 

bit-1: DC: Dlgft carryrbarrow bit {for ADLWF, AODLK, ELjLW, and SU3WF instructions) {For 

bemraw 

the Is wwsed). 

1 a A oarry-out town the 4tit tew order bit ef the result occurred 
0 = No camy-oiit from the 4th low order bit of the result 
bit-0; C; CarryjGarraw bil (tor wn«}-, atidlw, KirmAr, and SUBWP instructions^ For bo mow the 

polarity ft reversed)- 

i ■ A carry-out from the most significant bil of the result occurred 
0 * No carry-out from me mod itontteml bit of the resul 

Note ^ 

* a subtraction is executed by adding the two’s complement Of Hie second operand. 

* For rotate {RRF, RLF) ieetfudiert*, (hie Hi ft tended wtm either me nigh or tow order bit of the 
source register. 

Fig* 18.3 Format of status register of PtC16C6X and P&C16C7X 

Hie status registrar can be used as a destination register for any instruction like any 

other register. If the status register is used, as a destination register for an instruction (hat 
affects the 2, DC or C bits, then the write to these three bits is disabled- These bits ate set 
or cleared according to the device logic. Also, the TO and PD bits are only readable and 
not writable- So if the status register is used as a destination register for an instruction, 
then the result of n instruction may be differ^ ' Turn intended- Therefore, for the 
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instructions (for example : RCF, USF, 5WAFF, MOVWF) which do not affect any status bits 
(Z, C or DQ, the Status register can be used for the storage purpose. 

Note the following points while using status register. 

1. For these devices that -do not use 6 th and 7 Ll1 bits {RPl and. IRF), make these bits 
clear to ensure upward compatibility with future products, 

2, The C and DC bits operate as a borrow and digit borrow bit respectively, in 
subtraction. 

3. INDF {INDirect through FSR) and File Selection Register (F5R) 

Die INDF register is not a physical register. Addressing the INDF register wilt cause 
indirect addressing. Indirect addressing is possible by using the INDF register. Any 
instruction using the INDF register actually accesses the register pointed to by tine File 
Select Register, FSR. Reading the INDF register itself indirectly (F5R - '0') will produce 
00H. Writing to the INDF register indirectly results in a no-operation (although status bits 
may be affected), An effective 9-bit address is obtained by concatenating the 8-bit FSR 
register and the IRF bit (bit 7 of STATUS register), as shown in Fig, 18,4, 


Direct addressing Indirect addressing 



Bank D Bonk, i Bank 2 Bank 3 

Fig, 18,4 Directs nriirect addressing 

A simple program to dear RAM location 2QH-2FH using indirect addressing Is shown 
in tiie example given below. 
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EXAMPLE : INDIRECT ADDRESSING 


NEXT: 


movlw 

0x20 

J 

initialise pointer 

FJlQVWf 

FSR 

1 

to RAM 

clrf 

INDF 

X 

clear THDF register 

incf 

FSRrF 

f 

inc pointer 

btf 33 

FS 

X 

all done7 

goto 

NEXT 

£ 

NO, clear next 



X 

TfES, continue 


4, PCL and Program Counter Latch (PCLATHK Program Counter Stack 


The program counter (PC) is 13-bits wide, The low byte comes from the PCL regl-itEr, 
which is a readable and writable register. The upper bits (FCcJ2:6>) a re not readable, but 
are indirectly writable through the PCLATH register.On any reset, the upper bits of the PC 
will be cleared. Fig. 1S.S shows the two situations for the loading of the PC. The upper 
example in the Fig. shows how the PC is loaded on a write to (PC LATH < 4:0 >—>FCH). 
The lower example in the figure shows how the PC is loaded during a CALL or GOTO 
instruction (PCLATH<43> PCH). 


PCH 


PCL 



PCLATH 

PCH PCL 

n ii io e 7 


pc[ 


i 

f PCLATH<4:3=* 

[ 


1 


1 

_ 


6QKL- CALL 


11 


/ I Opcode *10:0 


I ■ I 


PCLATH 

Fig. 18.5 Loading of PC fn different situation 


Computed GOTO 

A computed GOTO is accomplished by adding an offset to the program counter 
(ADDWF ECL}. When doing a table cead using a computed GQTQ method, care should be 
exercised if the table location crosses a PCL memory boundary (each 256 word block) 
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Stack 

The PIC160CX family has an 8 deep x 13-bit wide hardware stack- The stack spue is 
not part of either program or data space and the stack pointer Is not readable or writable. 
The PC Is PUSHed onto the stack when a CALL Instruction is executed or an interrupt 
causes a branch, The stack is P0Ped in the event of a RETURN, RETLW or a RETFIE 
instruction execution. PCLATH is not affected by a PUSH or a FOP operation. 

The stack operates as a circular buffer. This means lhat after the stack had" been 
PUSHed eight times, the ninth push overwrites the value that was stored from the first 
posh. The tenth push overwrites the second push (and so on), Thus, an 6-Level stack will 
allow maximum 8 return addresses including return address from interrupt service 
subroutine. 

Note 1. There are no status bits to indicate stack overflows or stack underflow 
conditions. 

Note 2: There are no instructions mnemonics called PUSH or POP, These are 

actions that occur from the execution of the CALL, RETURN „ RETLW r 
and RETFIS instructions, or the vectoring to an interrupt address. 

18.3.2.1 Clocking Schem&lnstrurtlon Cycle 

The dock input (from OSC1) is internally divided by four to generate four 
non-overlapping quadrature clocks namely Qi, Q2, Q3, and Q4, Internally, the prog ram 
counter (PC) is incremented every Ql, tire instruction is fetched from the program memory 
and latched into the instruction register in Q4, The instruction is decoded and executed 
during the following Ql through Q4 The dock and instruction execution flow is shown In 
fig, 18.6. 
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Instruction FlowfPipolining 

An "Instruction Cycle" consists of four Q cycles (Qi, Q2, Q3, and Q4)~ Hue instruction 
fetch and execute are pipelined Such that fetch takes one instruction cycle while decode 
and execute takes another instruction cycle. However, due to the pipelining, each 
instruction effectively executes in one cycle- If an instruction causes the program counter to 
change (e„g ; GOTO) then two cycles are required to complete the instruction (Example 1B.1). 

Exam pie 1® r 1 : Instruction pipeline flow 





TcjfO 

Tcyl 

Tcy£ 

Ter,’3 

Tcy.l 

TcyS 

I. HCVUf 

S&h 


r Feted 1 “ 

Execute 1 





2. HOVNr 

PORTS 



Felch 2 

r^crulL' 2 




1. CALL 

SUB 1 




Feteti 3 

Eitftoute 3- 



i . ESF 

PORTA, 

BI73 (Fc rad HOP) 


Feith 4 

Flush | 


T not-rust Ion 

& address SU3_1 




Fuiith $UE_1 

L*eoiae SUB J | 


All inseuakn* pi* sing!* cycle, e*c*pi for any pTjgr^m Ifvciies. These (*l«* to) Cycles sine* ifte tateh 
insbuctan is: "flushed* from the p^eUiewhi* Ihe np.v instruction is being Retched end timh e>*±tetd. 


A fetch cycle begins with the program counter (PC) incrementing in Ql. 

In the execution cycle, the fetched instruction is latched into the "Instruction Register 
(IK)" in cycle Ql- This instruction is then decoded and executed during the Q2, Q3, and 
Q4 cycles. Data memory is read during Q2 (operand read) and written during Q4 
(destination write). 


18.3.3 Pin Diagram of PJC16C61 

Fig. 18-7 shows the pin diagram of FIC16C6I 


RA4TTQCKI 


MCLRWpp 
v ss ■ 
RBO/IWI 
Rjfll 
RB2 
RB3 


1 


2 

17 

3 

16 

4 

15 

& 

Piciecsi 14 

6 

13 

7 

12 

3 

It 

9 

10 


] -*—RA1 


■ OSCI^CLKIN 


* OSCZ/CLKOUT 


RB5 


IDVNQhiGd ITli 


-rial 


Fig. 18.7 PIC18C61 
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The following section describes the pins of PIC16G6I ■ 


Pin Name 

Pin Type 

Description 

osci/clxin 

l 

Oscillator crystal InputteKtemaF deck source wtpuii. 

OSC2/CLKOUT 

0 

Oscillator crystal output Connects to crystal or 
resonator m crystal oscillator mode. In RC mods, 
toe pin outputs CLKOUT which has 1/4 the 
frequency ol 0SC1, end denotes toe tostrucfen 
cycla rate. 

MCLR% P 

VP 

Master dear reset topwi or programming voltage 
inpul This pin is an active Few reset to the device. 



PORTA is a hi-dlrecEkmal VO port. 

RAD 

VO 


RA1 

3/0 


RA2 

3/0 


RA3 

VQ 


RM/TOCKJ 

3/0 

RA4 can bEso be the clock input to the TimerO 
tmw/cou titer. 

Output is open drain typo. 



PORTS is a bWfrectioriRl VO port. PORTS earn be 
software programmed tor internal weak pull-up an 
all inputs. 

RBtMMT 

1/0 

RBO can also be the external interrupt pin. 

RBI 

VO 


RBt 

3/0 


RBI 

VO 


RB4 

VO 

Interrupt on charge pin. 

RBS 

VO 

Interrupt art change pirn 

RBS 

VO 

Interrupt on change pin. Serial programming dock 

RB7 

I/O 

Interrupt on change pin. Serial programming data. 

V SS 

p 

Ground rateranca tor logic and VO pins. 

v w 

p 

Positive supply for logic and I/O pins. 


Legend: 1 - input O = Output I/O ■= Ipput/Dutput P - Power 

Table 1S.3 RIC16CG1 Pinout description 
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18.3.4 Pin Diagram of P1C16C71 

It is to be noted that FIC16C?X parts are almost same as PIC16C6X parts, with an 
exception that PICI6C7X includes an additional feature of an analog to digital, converter. 

Fig. 18.fi gives the pin diagram of F1C16C71 + 


RA2/AN2 

RAS/ANSA/ref 

RA4/T0CK1 


MCLRA/pp 

^SS 

RB 01 MT 

RBI 

R&2 

RB3- 



B- 


RAI/AtJI 

RAWANO 

OSC1KLKIN 

OSC3/C4KQUT 

¥ dd 

P ®7 

R®6 

RB4 


Fig. 18.8 PIC18C71 
18.3.5 PIG Memory Organization 
18,3,5,1 Program Memory 

The PICI6C6X (and PICifJOX) family has a I3=bit program, counter, ll can access 
8 K x 14 program memory space. The device, PI Cl. bC 61 can address 1 K x 14 program 
memory having address range OOOOH to 03FFH. 

Fig. 18.9 shows FIC16C61 and P1C16C71 program memory map and stack. 

A program counter is used to access 1 K x 14 program memory. The program counter 
is cleared after RESET, At location OOOOH in the program memory, a 'Reset Vector 1 , 
totructlen is written which means 'goto mainline' 1 . When an Interrupt occurs, (he address 
Q004H is automatically loaded into the program counter. At 0004H, 'goto interrupt service 
routine' instruction can be written- The interrupt service routine may be written 
somewhere else in the program memory space. Tables, main program and interrupt service 
routines can be written anywhere from 0005H to Q3FPH, 
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CALL, RETURN 
JiUTFrS, aETLV 


PC<12:0> 

—TZ 


13 






Slac* level 1 


Slack level 8 



R& jel vector 


P&jjphgrgl internjpl vgdpr 


On-chip program 
memory 



DODCIH 

0003H 

W305H 

03FFH 

D4D0N 


1FFFH 


Fig. 18,9* FIC16C61 program memory map and stack 
19/3.5,2 Data Memory 

The data memnr>' is parti Honed into multiple banks which contain the General 
Purpose Registers and Special Function Registers. As seen earlier, bits RP1 and RPO [6 th 
and 5* bits] of status register are used to select the register banks as shown below. 


RP1 

RPO 



0 

0 

—> 

Sank 0 

0 

1 


Bank t 

1 

0 

—^ 

Bank 2 

1 

1 

—> 

Bank 3 


Each bank is 128 bytes- 

Fig- 1840 shows register file map of FIC16C61, 

The lower locations of each bank are reserved for the Special Function Registers, 
Above the Special Function Registers are General Purpose Registers, implemented as static 
RAM. All implemented banks contain special function registers. Some "high use" special 
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File address 


File address 



BOH 

fllH 

B2H 

■B3H 

64H 

B3H 

B6H 

B7H 

B8H 

B9H 

BAH 

B6H 

0CH 


AFH 

BOH 


FFH 


Q L-nimplemaTiLad data memory tocalion. road as 'O'. 
Mol* 1: toot a physical register. 

2: ThC&O looters are unlmplememted in 
Bank 1. Any access to these laceticns wilJ 
access the corresponding BanhO rcgisler. 


Copyrighted material 


Fig. 111.10 PIC16CS1 ragistar file map 



































Microprocessor & Mieroeontrolter System 18«1S 


Introduction to PIC 
Microcontroller 


function registers Inwi one bank may be mirrored in another bank, lor code reduction 
and quicker access, 

t. General Purpose Registers 

These registers are accessed either directly or indirectly through the File Select Register 
(FSR). 

For the P1C16C6L general purpose register locations 8CH-AJFH of Bank 1 are not 
physically implemented. These locations are mapped into QCH-2FH of Bank 0. 

2„ Special Function Registers 

The Special Function Registers are registers used by the CPU and peripheral modules 
for controlling the desired operation of the device. These registers are implemented as 
static RAM. 

The special function registers can be classified into two sets (core and peripheral). 

3. OPTION Register 

The OPTION register is a readable and writable register which con tains various control 
bits to configure the TMRO/WDT prescakr, the external INT interrupt, TMRO, and the 
weak pull-ups on FORTB, 

Fig, 18.11 shows the format of OPTION register. 


blt-7 bb-0 


HI-7: RBP1J PORTS Pull-up Enable M 

■ 1 * PORTS pull-ups are disabled 

□ = PORTS pull-ups ana enabled by individual part la ten values 
Wt-G: liHTibO: Irdonppt Edge Seteef bit 

1 ■ interrupt on rtilng edge at RBGflNT pin 
fl = Jntemjpl on falling edge of RBOfl NT pin 
bit-5: TOCS: TMRO Clock Source Select bit 

1 p TranaHion on RMriOCKI pm 
0 ■ internal ln*iructon cyda eftsek {CLKDUT) 

WH: TOSir TMRP 5Edfi# S#ted bit 

1 * inemranl on hlgl»-to*w Irantitten on RM/tqcki 
Q = Jncramani on low-to-hlgh transition on RA4JTCJCK! pm 


WW-1 RAV-1 R/UV-1 WW-1 RMM R/W-1 RAVd R/W-1 


RBPU 

1NTEDG 

TOGS 

TOSE 

PSA 

PS2 

H 

PSO i 


R = Roadsbte M 

W * Writable bit 

U 3 Unlmplamanted bit, 
read m V 

- n ■ Value al PQR reset 


'riohtad m aterial 
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bit-3: PSA: Preacster Alignment bit 

1 ■= Pneacaler it assigned Ed the WDT 
0 - Prascalar is assigned to the TimerO module 
bfl-2-0: PS2:PSfl: Pre water kale Seteci bits 


Bit Value 

Trtho Rets 

WDT Rate 

m 

1 : 2 

I : 1 

Ml 

1 :4 

1 : 2 

Old 

1 : ® 

1 : 4 

Oil 

1 : 13 

1 : fi 

1M 

1 : 32 

1 : 16 

101 

1 : 64 

1 : 32 

110 

1 : tafi 

1 : 94 

111 

i ^ 2m 

1 : 128 


Note ■ To achieve a 1:1 presealer assignment lor TMKG register, assign the prescaler to the 
Watchdog Timar. 

Fig* 18*11 OPTION rogieter (across 81 h l®1h} 

4, INTCON Register 


Hut INTCON Register 1$ a readable and writable register which contain^ the various 
enable and flag bits for the TMR0 register overflow, RB port change and external RB0/1NT 
pin interrupts. 


Fig, 18,12 shows- the format of INTCON register, 


R/W-0 

R/W-Q 

RJW-O 

R/W-Q 

R/W-0 

R/W-0 

R/W-0 

RAV-x 

f G1E 

PEIE 

roie 

IWTE 

RBIE 

TOIF 

IMF 

RBIF 


bit-7 bit'fl' 


R = Readable bit 

W = Writebls bit 

U ■ Unlmphwnanted tat, 
read m 'O' 

- n *• Value at PCR 
row! 

x = unknown 


brt-7: G1E: ^ Global Irtlamipt Enable bil 

1 * Enures ell un-maaked interrupts 
0 = Dissblaa all interrupt 

Wt* PEIE: ^ Peripheral Intempt ttnsW# Wl 


1 ■ Enables ai un-ma*fc«d peripheral interrupt* 
0 = Disables all peripheral interrupts 
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M-5: TtJIE: TMRO Overflow Interrupt Enable M 

1 * Enables the TMRO owrftow iniirrupt 
0 = Disabtaa the TMRO overflow irelereupt 
B*M: 1NTE: R0D/1IYT Externa! Entermp! Enatiie bit 

1 =■ Enabtea the RBC/lNT exle^nal iniermpi 
£> r th® RBWtNT eietamal intsmiul 

bH k 3: R0IE; RB Part Change Intemipt Enable tut 

1 = Enables the RB pen change ntemipt 
0 ■ DisaWes; Iht RB pen. Chang® sntemipt 
bil-2: TOIf: TMRO Overflow Interrupt FtaS bit 

1 = TMRO rspster overflowed i.musl be cleared n software) 

0 = TMRO register did nol overflow 
MMt 1MTF; RBffltNT External in&amjpE Rag bit 

1 = The RECANT external rrtsmjpt occurred (must be cleared in software} 

0 fc The RBOflMT external Hemfrt did not occur 
bit-0: RB1F: Rfi Port Change interrupt Flag hit 

f * At lenst one of the RBT:RB4 pin® changed state la dear the imtewupl 

0 = Nona of the RB7:RB4 pets have changed state 

Pig. IB. 12 INTCON register {address OBH, 8BH, 10BH, 1BBH) 

18.3,6 Watchdog Timer 

A watchdog timer (WDT) is a special timer with a specific function. It is usually used 
to prevent software crashes, i,e, endless loop. It works as follows : once started, the WOT 
increments an internal counter at the rate decided by free running on-chip oscillator. If the 
user program does not reset the counter, the counter overflows, which is used to reset the 
controller. In PIC microcontrollers, instruction CLRWPT is used to reset the counter. It sets 
the time-out bit (TO) in the status register. This TO bit is also set during the power up 
procedure . After time-out WDT timer resets TO bit. 

The normal time-out period of PIC watchdog timer is IB ms. Therefore, If CLRWDT 
instruction is not executed within IB ms, the counter overflows and it resets the PIC 
nticrooontroller, The time-out period for watchdog timer can be elongated by setting 
prescater count. A prescaler with a division ratio of up to I : I2S can be assigned to the 
WDT under software control by writing to ihe OPTION register. Thus, time-out period up 
to 2.3 seconds can be realized. 

The watchdog timer can be enabled or disabled by setting car resetting the bit 2 
(WDTE) in the configuration word, respectively. In power-down, mode, if the watchdog 
timer is enabled, it will be cleared but keeps running- Therefore, bit TO in the status 
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register is set and bit PD is reset After timeout WDT can wake-up PIC bom power down 
mode. Mow it is interesting to see whether setting of PD hit cause the power-up or 
time-*}tit of WDT cause the power-up. The TO and PD bits in the status register can be 
used to determine the cause of power-up. If PD is set to one power-up occurs due to 
setting of PD bit. If TO bit is rero, tune-out has occurred and it is the cause of power-up. 

Review Questions 

2. Give the features of PIC mkraamtralhT. 

2. Compare Harvard architecture and VortrNeumann architecture with jraret diagrams. 

3. What fa bmm- out-met 1 

4. Explain the term 'Watchdog Timer'. 

5. Explain SLEEP mode of PIC. 

6. Compare different features of PIC16C61 md FIC16C71, 

7. Give- the features <fPlC16CXX. 

A. Draw mi explain the Mock diagram of PiCJ&Cbl. 

9. Why is PIC program memory 14 bits wide ? 

10. What do you mean by an S-laxf prajjrapa reunter s(odt ? 

If. Explain the stack operation m F?C] £iC6I, 

12. Wftai do you mem by instruction set ? 

13. WJtrf is the role of INDF err indirect addressing mode ? 

24. Write a sihari note on watchdog timer . 


□□□ 
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• Microprocessor and microcomputer system. Functions] pin diagram and detailed 
architecture of 8085 microprocessor. Demultiplexing of address data bus, 
Generation of control signals. Instruction set. Addressing modes. Programming 
for arithmetic and logical operation. Subroutine concepts. 

• Functional pin diagram and architecture of 8031/51 microcontroller. Port 
structure. Instruction set and assembly language programming. 

• Timer / counter. Modes of operation, Programming timer. counter. Interrupt 
structure and interrupts programming. 

• Serial communication programming in 8051 (Only standard 8-bit UART mode). 

• Memory interfacing •! RAM, ROM. EPROM) Basic concept in memory 
interfacing and address decoding. 

• Programmable peripheral interface (8255) - Block diagram. Control words and 
modes and interfacing. 

• Interfacing to external RAM and ROM. LED. Switch, 7-segment display. 
Multiplexed 7-segment display. Matrix key-board. Liquid crystal display, DAC. 
ADC. Stepper motor with programs. 

• Buses and Protocols . RS 232, RS 485. , MODBUS. IEEE 488. 

• Interfacing to EEPROM S3C46 / 56 / 66. 2406 / 32 / 64. RTC DS13G7. 

• Conceptual study of various derivatives of 8051 microcontroller from different 
manufacturers like Atmel. Phillips etc. Introduction to PIC microcontroller 
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